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l. INTRODUCTION

Hearing loss is one of the leading causes of disability worldwide. Approximately 15%
of the world’s population has hearing loss to some degree and over 5% out of them, ca. 360
million people, suffer from hearing loss higher than 40 dB on the better hearing ear in adults
and 30 dB in children (1-3). Ear surgery has been undergoing a revolutionary change, i.e. a
growing proportion of the surgical procedures are undertaken to rehabilitate hearing with or
without implantable hearing aids while the number of surgeries of the chronic ear has had a
tendency to decrease. There is a wide variety of non-implanted and implanted hearing aids to
choose in order to support patients with hearing disabilities. Although the rapidly evolving high-
tech non-implanted hearing aids cover the rehabilitation needs of the majority of people with
hearing impairment in our aging society sufficiently, the need for implanted hearing aids is
growing rapidly. In consequence, the numbers of implantations includiong bone-anchored
hearing aids (BAHA) and cochlear implants (Cl) in prelingual and postlingual subjects has been
increasing worldwide lately.

The implants differ in type and dimensions, and the anatomical dimensions of the
pediatric and adult population are also variable. The efficacy and design of modern implants
meet the need of the increasing number of surgeries in young children: the possibilit of safe and
minimally invasive surgical techniques. CI has routinely been used in bilateral severe
sensorineural hearing loss and single sided deafness (SSD) in children and adults. BAHA is
now an integral part of the therapeutic pool of conductive or mixed types of hearing loss and of
the special indication of SSD in five Hungarian centers.

Several studies regarding hearing rehabilitation have been conducted at the Department
of Otorhinolaryngology, Head and Neck Surgery, University of Szeged. My special interest
through my daily work directed to the implantable hearing solutions.

Our department, in cooperation with other centers and implant manufacturers has
conducted leading international studies with Cl and BAHA. Being a member of the workgroup
of implantable hearing aids, from the beginning of my training I have been deeply involved in
the full range of implant procedures, i.e. patient selection, preoperative examinations, surgical
procedure, and postoperative follow-up.

Because presentation of the wide range of hearing implants in rehabilitation of
sensorineural and conductive hearing loss would overcome the limits of a PhD thesis, | am
focusing my thesis on specific aspects of modern (a) BAHA and (b) CI surgery: (i) the optimal

preoperative diagnostic tool and the optimal surgical approach for passive transcutaneous



BAHA, (ii) the most relevant similarities and differences in anatomy between the pediatric and
the adult population for BAHA and Cl surgery and (iii) the surgical benefits of the technological
advancements is CI design.

I.1.  Bone-anchored hearing aids — with focus on passive transcutaneous implants

Among all osseointegrated hearing implant systems, percutaneous abutment connection
bone conduction systems have prevailed in the market for many decades. More recently, the
newly developed transcutaneous magnet-connection bone conduction systems have gained
increasing popularity. Implanted bone conduction devices that vibrate the bone via the skin are
considered passive and may be referred to as “skin-drive” as opposed to “direct drive” systems
4).

Katona et al reported on the first 6 BAHA implantations in Hungary from 2003 that
were associated with highest audiological success and the typical complications that are
attributed to the percutaneous direct drive systems (5).

Passive transcutaneous skin-drive systems with improved speech processors adequately
treat mixed types of hearing loss associated with a relatively small sensorineural component.
The surgery is straightforward, fast, and can be performed either in local or general anesthesia.
An obvious advantage of the transcutaneous systems compared to the percutaneous ones is that
the skin over the implant is left intact; thus, patients are more likely to accept the cosmetic
results and adverse events can be prevented effectively (e.g. tissue overgrowth, peri-implant
skin necrosis, numbness, or extrusion of the device (4)).

Potential drawbacks include the two magnets that put static and dynamic pressure on
the skin that lies in-between, and the significantly larger surgical exposure in contrast to that
used for the percutaneous implants. Specifically, compared to the punch technique used for
percutaneous implants, transcutaneous implants require a significantly larger skin incision (6).

Major injuries to the macrocirculation are strictly connected with compromised
microcirculation, which results in compromised vitality of the skin flap, pain, numbness, and
discomfort wearing the device (7). Furthermore, blood flow in the skin is crucially controlled
by perivascular nerves (8). Consequently, injury of the neurovascular system leads to damaged
perfusion of the given skin area. Skin erythema, discomfort, pain and hematoma have been
reported (9).

An ideal incision leaves the normal vascular and neural system intact. Accurate
knowledge of the vascular and neural system is therefore crucial. Although the vascular

anatomy of the temporal parietal soft tissues has been investigated, the studies are mainly



concerned with reconstructive surgical aspects but not with the special aspects of hearing
implant surgeries (10-18). [ref. | (19)]

.2.  Anatomical aspects of CI surgeries in infants and toddlers

Early and successful audiological rehabilitation of infants and toddlers is of the utmost
importance, because untreated severe hearing loss would impede their speech abilities (20, 21).
If high-power hearing aids do not bring enough benefit, cochlear implantation is indicated.
Recommendation of our center is that cochlear implantation should be performed before the
age of 18 to 24 months, because the connectome (a network of effective synaptic connections
and neural projections) continues to mature up until this age (6, 22, 23). Later, the plasticity of
the human brain gradually diminishes. In practice, this means that if cochlear implantation is
performed in time, the toddlers have a high chance of reaching equivalent levels of speech
performance to their normal hearing peers without much delay in their speech development (24,
25).

Technically, the procedure of cochlear implantation can be divided into three main stages:

1. placement and securing of the processor to the skull

2. delivery of the stimulating electrode from the mastoid to the tympanic cavity (limited
mastoidectomy and posterior tympanotomy)

3. introduction of the stimulating electrode via the round window membrane or an opening

on the cochlear wall (via cochleostomy) into the cochlea scala tympani

Imaging studies (high-resolution MSCT of the temporal bone or CBCT and MRI) help
determine whether the patient's anatomical parameters allow for the intervention to be
performed (26, 27).

The skull and the overlying soft tissues are very thin in infants and toddlers (28). Data
from our workgroup on a large number of cases suggest that the skull bones of children are
significantly thinner than that of adults (3.39 + 1.05 SD mm vs. 6.33 £ 0.64 SD mm)(28). These
values can also be used for the site of the internal processor of the cochlear implants. The
mastoid cavity is still immature, and the sigmoid sinus and the facial nerve run quite
superficially. The most accepted method is to open the tympanic cavity with limited
mastoidectomy and posterior tympanotomy (26). During posterior tympanotomy, an access to

the cochlea is made for the stimulating electrode through the facial recess, i.e. in the triangle



that is defined by the short process of the incus, the mastoid segment of the facial nerve, and

the chorda tympani (Figure 1).

Figure 1: Microscopic image of
the posterior tympanotomy that
was created with a burr within
the boundaries of the facial
recess. The minimal invasive
FORP implantation requires insertion

e N of the electrode into the cochlea

S ! via the round window [ref. VI1

Due to the proximity of important anatomical structures, this surgical step carries the
risk of injury of the facial nerve and chorda tympani. Infants and toddlers have a smaller head
circumference than adults so it could be logically thought that the facial recess and the tympanic
cavity are smaller, which could be associated with an increased risk of neural damage compared
to adulthood (29). [ref. 111 (30); ref. 1V (28)]

1.3.  Placement and securing of the processor to the skull

The classical surgical technique for cochlear implantation, dating back for some
decades, required a large access, which was not a major problem whilst the majority of the
implantations were performed on adult subjects. Today, however, a large number of surgeries
are performed in infants and toddlers. The earlier types of Cls were thick in order to provide
good impact resistance, and for this reason a bony well to sink the implant into the skull was
necessary. This sometimes resulted in bulging soft tissues, which were associated with
discomfort during sleep and for those wearing glasses and increased risk of soft tissue necrosis
over the implant. Creation of a bony well required a long, up to 10 to 15 cm incision and wide

access (Figure 2) that considerably compromised stability of the soft tissues (31).



Figure 2: An example of the classical, long, S-
shaped incisions and suture lines for cochlear
implantation [ref. V]

Consequently, in order to prevent dislocation of the implant electronics, the surgeon had
to fixate the implant package to the bone with non-absorbable sutures or mesh or screws (32-
34). The bony well, with a sharp rim, contributes towards the prevention of implant migration.
This classical method, however, is associated with several hazards, especially in infants and
toddlers, because they have very thin bone and soft tissues at the implant site (25, 28). Potential
severe complications are cerebral infarction, epidural hemorrhage, infarction of temporal lobe,
lateral sinus thrombosis, subdural hemorrhage, liquorrhea, and soft tissue necrosis (35-38). If a
bony well is created, the skull will be weakened, and will have lower ability to resist mechanical
injuries. Furthermore, the bony well requires a large view and incision and the overlying soft
tissues will push the implant less tightly to the skull. A longer incision is associated with a
longer surgical time, more blood loss, more time needed for coagulation and wound closure and
longer hospital stays and postoperative care (39).

The subperiosteal pocket technique has become a widely used method of cochlear
implantation: Balkany et al. used the tight temporal pocket and further tightened the pocket
with periosteal sutures to fixate the implant, while Jethanamest et al. used the “subperiosteal
tight pocket” without any other fixation of the implant (32, 40, 41). Recently, Turanoglu et al.
reported their finding that the internal electrical unit of the implant device, implanted with the
subperiosteal temporal pocket technique, fixates itself by causing bone remodeling and making
an impression on the skull (42). Regarding displacement of the implant, no difference was found
between the classical and the tight subperiosteal pocket technique so far (43, 44). To optimize
outcomes, it is advised to aim for an early diagnosis, bilateral auditory rehabilitation and quick,

minimally invasive and safe CI surgery. When indicated, simultaneous bilateral implantation is
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recommended because sequential procedures are linked with two courses of anesthesia, double
surgical load and double the hospital stay. However, the disadvantages of surgery as discussed
above mean that bilateral implantation in one surgical procedure is often not possible. The
leading CI manufacturers are familiar with these dilemmas, and develop their devices based on
consensus with surgeons. One important aspect of the design of the device is size. Decreasing
size, especially thickness, facilitates minimally invasive surgical techniques as thin implants
can be implanted either into a shallow bony well or even without a bony well (45, 46). Although
other manufacturers have aimed to decrease the thickness of their Cls, the most conspicuous
change can be observed across the Cochlear™ Nucleus® implant series. The newest Profile
devices from Cochlear Ltd. (Sydney, Australia) have an almost 50% decrease in thickness
compared to Nucleus® Freedom devices. This provides the basis to examine the practical value
of such changes and allows us to assess the first experiences with the device from the user’s

perspective. [ref. V (47)]

I.4.  Characteristics of two different modiolus hugging CI electrodes

There are currently different trends in ClI electrode design (48). The manufacturers
provide a variety of implant configurations including different receiver-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,
electrical current requirements, energy consumption, trauma to the cochlea, combined electro-
acoustic stimulation, preservation of cochlear structures with low-trauma surgical technique
and hearing preservation are important aspects of implant design which have become the focus
of many discussions and studies (49-60).

Depending on the type, the electrode arrays can be positioned into two marginal
positions within the cochlea: the straight arrays are designed to take the ,,lateral wall” position,
while the pre-curved arrays are aimed to be placed close to the modiolus, i.e. in the
,perimodiolar” position (see Figure 3). The midscala electrode, takes an "intermediate”

position.
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Figure 3: An example of the typical position of a straight and a perimodiolar electrode
within the cochlea of the same patient following sequential cochlear implantations
(radiography, Stenvers view). The right and left cochleae are regular and equal in size
that was justified on the preoperative CT scan. A thin straight array (Slim Straight)
was inserted into the right cochlea and a thin precurved array into the left cochlea
(Slim Modiolar) from the same manufacturer (Cochlear™). The dashed black double
arrows indicate the largest diameter of the electrode loops within the cochlea [ref. V]

Several authors suggest that quality of sound and speech perception is primarily
influenced by the properties of the electrode arrays, the gentle insertion of the electrode array
into the scala tympani and the good programming of the speech processor. Some authors
experienced better results in quality of sound and speech perception with electrode arrays that
are in close proximity to the modiolus, while others found better results with coverage of the
cochlea with long arrays (61-64).

Although debated whether the straight or the pre-curved electrode arrays provide better
hearing results, the importance of the relationship of the stimulating electrodes to the modiolus
is underlined by an experience, i.e. quality of sound perception and speech discrimination
proved to be better if the electrodes were closer to the modiolus, if precurved arrays are used
(62). The precurved arrays bring the electrodes closer to the spiral ganglion cells. In
consequence, due to the shorter distances, the electrical current suffers less scattering in the
perilymphatic space of the cochlea, thus lower current pulses may suffice to stimulate the spiral
ganglion cells (65-67). Due to this fact, the dynamic range between the hearing threshold and
the comfort threshold becomes wider, the power consumption decreases and the battery life

time increases (57, 68).
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An important factor of hearing preservation after implantation is that the electrode array
causes the least possible trauma to the endocochlear structures during and after the insertion.
For this reason, flexible electrode arrays are preferred to be inserted into the scala tympani with
,,soft surgery” insertion technique (69). The available thin electrode arrays are shown in Table
1.

Table I: Types of slim electrodes and their dimensions [ref. VI]

electrode array type diameter

(a: apical, b: basal)
MED-EL FLEX24 and straight a: 0.3*0.5mm
FLEX28 b: 0.8*0.8 mm (70)
Advanced Bionics precurved a: 0.5mm
HiFocus™ Mid-Scala b: 0.7 mm (71)
Oticon Medical EVO® straight a: 0.4*0.4 mm

b: 0.5*0.5 mm (72)
Cochlear™ Nucleus® precurved a:0.3mm
Profile Slim Straight b: 0.6 mm (73)
Cochlear™ Nucleus® straight a: 0.35*0.4 mm
Profile Slim Modiolar (SM) b: 0.45*0.5 mm (74)

In order to reduce the variations that would negatively affect the evaluation of the
results, we have selected two types of implants with pre-curved electrode arrays from the same
generation of implants for our study. Our team regularly uses the Cochlear™ Nucleus® Profile
Cls and has gained extensive experience with both perimodiolar electrodes. The members of
this group of implants differ only in their electrode arrays, while the electronic unit in the
implant body is the same. The SM array is one of the thinnest electrode arrays that is currently
available, and one of its first implantations was performed at the Department of
Otorhinolaryngology, Head and Neck Surgery, University of Szeged in a ,,closed-market
release” in November 2015. The Contour Advance® (CA) electrode array is significantly
thicker in its apical and basal diameters (a: 0.5 mm, b: 0.8 mm) than the SM electrode array (a:
0.4 mm, b: 0.5 mm) and the active surface of each electrode are larger than those of the
electrodes of the SM electrode array (73, 74). The surface and the resistance of the stimulating
electrodes are inversely proportional, and the distance between the electrodes and the targeted

ganglion cells and the electrical resistance of the medium are directly proportional. This
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suggests that if electrodes that have smaller surfaces are capable of eliciting action potentials
of similar degrees with lower charge, so they must be closer to the stimulated structures.

Our team experienced that the C1532 implant (mounted with SM array) was capable of
eliciting neural responses with less current than the C1512 implants (mounted with CA array)
in a large number of subjects (75, 76). [ref. VI (77)]

I.5.  Important aspects of imaging in Cl and BAHA

Accurate diagnosis and preoperative planning in temporal bone surgery is strongly
supported by imaging with enhanced visualization. Computed tomography is often used to
examine structures within bony frameworks.

All patients go through neuroimaging assessment before cochlear implantation as a
routine procedure. In standard cases we use high resolution (0.8 to 1.25 mm slice thickness) CT
scan of the temporal bone. MRI is performed in prelingual hearing loss and in special cases of
postlingual hearing loss (e.g. bacterial meningitis, severe and cochlear nerve abnormalities).
This way we can plan the procedure well in advance and we can choose the most suitable
electrode profile for the patient. Postoperative imaging after cochlear implantation is highly
recommended for quality control and malposition of the stimulating electrode inside the cochlea
(e.g. kinking and tip fold-over) has to be corrected. Although the most widely applied
radiography with Stenvers view or cochlear view is able to provide the most important pieces
of information in the view of malposition, CT examinations provide more detailed information
and possibilities of multiplanar reformations and 3D reconstructions that are often helpful in
doubtful cases (78). Given the hazards of ionizing radiation, repetitive imaging studies
exponentially increase the risk of damages to radiosensitive tissues, thus low-dose protocols
and new modalities should be used. MRI after implantable hearing aid surgeries is limited due
to artefacts and safety limitations by the magnet and other metallic components. Current
guidelines for BAHA implants suggest a minimal age of 5 years and/or minimal bone thickness
of 3 mm at the implant site (79). CT allows accurate assessment of bone thickness.
Postoperative follow-up is usually not required unless a head trauma caused issues with the

implant and surrounding tissues. [ref. VII (27)]
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Il. OBJECTIVES

. to potentially decrease the surgical time and complication rate for magnet connection
transcutaneous bone-conduction implants by (1) determining the preferable surgical
incision, (2) finding the best suitable imaging method to determine the individual
vascular and neural anatomy of the soft tissues of the retroauricular temporal-parietal
region in a large number of subjects (50 in total) and (3) determining whether individual
preoperative imaging is desirable.

. to characterize the major anatomical differences that should be considered during
BAHA and CI surgeries between pediatric and adult candidates and to determine
whether these differences alone make CI surgery more hazardous in comparison with
adults and therefore delayed implant surgery is acceptable

. to assess the practical advantages of the low-profile CI generation with regards to the
modification of the surgical technique and any changes in comparison with the earlier

Cl generations

. to characterize the position of two types of perimodiolar electrode arrays of the same
generation of Cls that form the basis of promising preliminary electrophysiological
results to suggest that the slim perimodiolar electrode array has the potential to elicit

similar neural responses as the thicker perimodiolar electrode array

. to determine the role of CBCT in Cl and BAHA surgeries
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1.  MATERIALS AND METHODS

I11.1. Vascular mapping of the retroauricular skin

The protocol of the investigation was approved by the Institutional Review Board
(Human Investigation Review Board, University of Szeged, Albert Szent-Gyorgyi Clinical
Centre. Reference number: 3281). All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Implanted subjects received the Cochlear™ Baha® 4 Attract System for this study, which is a
transcutaneous bone-conduction hearing device reimbursed by the Hungarian social security
system.

Cadaver dissection was regarded as the gold standard of the investigations.
Retrospective analysis of computed tomography angiography of the carotid arteries was found
inefficient in visualizing some arteries, typically the posterior auricular artery, furthermore
involves ionizing radiation. An alternative investigational method of the superficial vascular
anatomy is in vivo photoacoustic imaging which provides high resolution 3D images of the
vascular structure, the maximum depth is only 5 mm though , that does not suffice in a
considerable portion of subjects (80).

Given the potential drawbacks of ionizing radiation, magnetic resonance angiography
and ultrasound, both free of ionizing radiation, were selected for vascular studies.

The vascular pattern and blood flow of the temporal-parietal soft tissue was examined in 50
subjects. The examinations were performed with cadaver dissection (13 subjects), magnetic
resonance angiography (12 subjects), and in vivo Doppler ultrasound (25 subjects). In order to
rule out duplication of the results from individual symmetries, thus making the statistics more
robust, only one side of each subject was examined. General exclusion criteria from the study

were a history of a previous ear surgery and considerable stenosis of the carotid arteries.

I11.1.1 Cadaver dissections as the gold standard

The arteries of the temporal-parietal region were dissected in 13 adult cadavers. The
study group comprised six men and seven women between the ages of 45 and 88 years, the
mean age was 73.8 years. The subjects were assigned by the authorized staff as samples became
consecutively available which can be considered to be random from the study aspect.
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With the cadaver in the supine position and the head turned to the opposite side, a skin
incision was made anterior to the tragus and continued anterior upwards to the skull and
downwards under the tip of the mastoid process and along the anterior rim of the
sternocleidomastoid muscle. Binocular surgical loupes were used for preparation. After
visualization of the common carotid artery, the artery was followed distally to the carotid
bifurcation and then to the external carotid artery. After the occipital, the posterior auricular
and the superficial temporal arteries were detected at their origin, their distal sections were
dissected as far as visually possible.

Following the size data and incision recommendations of the manufacturer, a template
of transparent film was made (81). This round template was 57 mm in diameter and its center
(which indicates the implanted screw) was placed 5-6 cm from the external auditory meatus.
The surface area of the template was subdivided into eight equally sized sectors. The line
between the center and the external auditory meatus defined the border between sectors A and
B. The transparent template with the eight sectors was again placed on the head. Photo
documentation was made, which was followed by digital picture analysis.

I11.1.2. Retrospective analysis of MRA studies

A total of 12 consecutive MRA studies (magnetic field strength: 1.5 Tesla, General
Electric, USA) of the carotid arteries of adults who had undergone medical imaging due to
possible arteriosclerosis of the internal carotid artery branches but no stenosis was proved, were
analyzed retrospectively. The standard angiography protocol was: Axial T2 and FLAIR
sequences, followed by a 3D TOF SPGR, then a sagittal and coronal T1 weighted image was
added. The 3D TOF sequence’s scanning parameters included TE out of phase 6.8-13.1, TR 33
ms, Flip Angle 20, Bandwidth 25, FOV 24 cm. A slice thickness of 1.4 mm with an overlap of
15 mm, Acquisition timing: Freq 384, Phase 224, Phase FOV 0.75. The number of acquisitions
was 1, Relative SNR 70%, maximum number of slices 256. The right occipital, posterior
auricular and superficial temporal arteries and their branches were marked. The template, as
described above in the cadaver examination section, was placed onto the digital images and

analyses were performed by size of the arteries per sector.

[11.1.3. In vivo Doppler ultrasound
The parietal temporal region of 25 healthy adult subjects was examined with color
Doppler ultrasound (20 subjects) and with preoperative portable handheld Doppler (5 subjects).
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i) A total of 20 healthy adult volunteers who visited the clinic for diverse reasons and
agreed to participate, were enrolled into the Doppler ultrasound study. The study group
comprised 10 men and 10 women aged between 21 and 65 years with a mean age of 41.3 years.
As the region of interest was not shaved, ultrasound gel was abundantly applied as a coupling
agent between the probe and the skin. The right side was scanned. The 14 MHz linear array
probe of a GE Logic 7 (General Electric Inc., USA) was used. The retroauricular temporal-
parietal skin was scanned according to sectors A to H as shown in Figure 6 by carefully
scanning with the probe over each sector. Pressure to the skin that may cause squeezing of the
vessels was avoided. In the B-mode (14 MHz, high magnification), the skin, the subcutaneous
fat, the muscular layer and the periosteum were identified. The color mode with very sensitive
parameters (overgained color, low-pulse repetition frequency) allowed for identification of the
vessels. The largest artery in diameter was tracked. When a vessel was found, the probe was
adjusted into its longitudinal axis to assess flow type and velocity and differentiate between
arteries and veins. Later on, the probe was rotated by 90 degrees to visualize the cross-section
of the arteries. The largest artery diameters were noted in each preformed area; flow direction

was determined and the diameter of the largest artery was noted.

1) Preoperative Doppler scans with a handheld Doppler device
A total of five consecutive subjects who were scheduled for Baha Attract implantation were
enrolled into this preoperative assessment. A portable handheld Doppler device (Hadeco
Doppler Smartdop® 50ex) was used to identify and mark the main arterial trunks just prior to
surgery to help the surgeon determine the best position of the incision and the implantable
hearing aid. The results were investigated case-by-case.

Statistical analysis was done with the above described template in the cadaver, MRA,

and Doppler ultrasound evaluations, whereas a case-by-case analysis was performed for the
handheld Doppler assessments.
Statistical analysis was performed with SigmaPlot 13 scientific graphing and statistical analysis
software (Systat Software Inc, California). Data are presented in mean + SE. For inter-group
comparisons, Kruskal-Wallis One Way Analysis of Variance on Ranks was performed
(H=52,047 with 7 degrees of freedom; p <0.001) with Dunn’s multiple comparison method
(p <0.05). [ref. 1 (19)]
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I11.2. Anatomical measurements for ClI

High resolution computed tomography scans that were performed with the protocol for
temporal bones with thin slices at the Albert Szent-Gyorgyi Clinical Center between January 1,
2015 and August 31, 2018, as part of the routine examination of cochlear implantation, were
enrolled. The scans of the youngest 10 children (20 specimens, 5 males and 5 females, mean
age: 1.2540.31 years) and 10 randomly chosen adults (20 specimens, 5 males and 5 females,
mean age: 55.82+16.93 years) were postprocessed and analyzed with 3D Slicer 4.5 Software
with respect to the most relevant dimensions of the internal electronic package, including the
stimulating electrode of the cochlear implant, by measuring the squama of the temporal bone,
the mastoid cavity and the facial recess. Determining markers of mastoidectomy and posterior
tympanotomy were measured: distances of the short process of the incus to the mastoid tegmen
(D1), the mastoid plane to the facial nerve (D2), the mastoid tegmen to the mastoid apex (D3),
the facial nerve to the fibrous tympanic annulus (D4), the round window to the tymanic annulus
(D5), the round window to the facial nerve (D6). The growth rate of the thickness of the bone
and soft tissues at the site of the speech processor and titanium implant was analyzed on other
90 children (1 to 9 years of age). Statistical analysis was performed with Mann-Whitney Rank
Sum Test.

A General Electric LightSpeed 64 machine was used in 9 patients and a Philips Brillance
ICT256 device in 11 patients for high resolution scanning of the temporal bone (slice thickness:
0.625 mm and 0.4 mm). The differences between the devices do not affect the results of our
measurements due to the good compatibility of the scanning parameters. Statistical evaluation
was performed with the Mann-Whitney Sum Rank test. The recipients and their legal
representatives have agreed in advance to use their clinical data for scientific purposes,

anonymously. [ref. 111 (30)]

111.3. Evaluation of a low-profile Cl generation

The surgeries were performed using the Cochlear™ Nucleus® Profile implants (CI512
and CI522). Nucleus® CI532 that was marketed later has the same low-profile electronics
capsule, thus the results can be projected to all three implant types within the Profile generation.
The profile thickness of the implant was decreased compared with the earlier model, the
Nucleus® Freedom, from 6.9 mm to 3.9 mm. Although the implant electronics capsule changed
in shape, the rounded edges became more angular, the overall dimensions did not change

significantly (Figure 4).
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Cochlear Nucleus CI24RE Size of internal electronics Cochlear Nucleus CI512
(Freedom) housing (Profile)

6.9 thickness (mm) 3.9

width (mm) 24

length (mm)

Figure 4: Cochlear™ Nucleus® Freedom (on the left) and Cochlear™ Nucleus®
Profile (on the right) implants from above (A and B) and side view (C and D). The
dimensions are detailed in the table. E and F show the three dimensional CT
reconstructions (software: RadiAnt™ DICOM Viewer). The electronics capsule (a)
and the antenna (b), in the middle of which a magnet in mounted, can be easily
recognized. The arrowhead represents the soft tissue over the implant. The profile of
the implant protrudes out of the bony surface only as much as the earlier type of
implant [ref. V]

The surgical experiences with the thin implant types were collected and compared in a
retrospective multi-center study. The surgeons gave feedback about the changes in their surgical
technique with the thin, low-profile implant family compared with the earlier, thicker types.

Five leading cochlear implant centers in Central and Eastern Europe were enrolled:

1. University of Szeged, Albert Szent-Gyorgyi Clinical Center, Department of
Otorhinolaryngology, Head and Neck Surgery, Szeged, Hungary (21 Profile implants)
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Department of Otorhinolaryngology, Head and Neck Surgery Charles University in
Prague, Second Faculty of Medicine Motol University Hospital, Prague, Czech
Republic (18 Profile implants)

Department of Otorhinolaryngology, Head and Neck Surgery Charles University in
Prague, First Faculty of Medicine Motol University Hospital, Prague, Czech Republic
(11 Profile implants)

ENT Clinic “Maria Sklodowska Curie” Hospital, “Carol Davila” University for
Medicine and Pharmacy, Bucharest, Romania (17 Profile implants)

Emergency County University Hospital of Tirgu Mures, ENT Department, Tirgu Mures,
Romania (6 Profile implants)

Six experienced ear surgeons (the average years of experience with ear surgery was 26

years) were asked to fill in a self-administered questionnaire regarding their opinion about the

thin implants. The official language of the questionnaire was English (see the questionnaire in

the Appendix).

The surgeons provided answers based on their subjective surgical experiences and the

documentation collected about the implant surgery. A total of 73 thin implants were implanted

into 59 recipients, up to 31 January 2015. The First Faculty and Second Faculty of Medicine

Motol University Hospital acted as independent centers. The following topics were covered:

© N o o~ w DN PE

The length of surgical incision and its relation to the earlier type of implant
Necessity and dimensions of a bony well for the implant electronics
Fixation of the implant electronics with sutures

Incidence of intraoperative and early postoperative complications
Dislocation of the implant

Change in surgical time

Opinion of the surgeon if implantation of the thin implants is easier or safer

General opinion of the surgeon and comments [ref. V (47)

I11.4. Measurement of the proximity of perimodiolar CI electrode arrays to the modiolus

The first 54 subject that were implanted with Cochlear Nucleus C1532 and the first 54

subjects that were implanted with Cochlear Nucleus C1512 were enrolled. Table Il shows the

demographics of the subjects.
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Table 11: Demographic data of the subject who were enrolled [ref. VI]

Subject group CI532 CI512
Type of implant Cochlear Nucleus CI532 Cochlear Nucleus CI512
Electrode array SM CA
(thin perimodiolar) (thick perimodiolar)
Number of subjects 46 45
Number of implanted ears 54 54
Age (years) 25.17£26.29 20.80+£25.87
Sex (male/female) 25/29 23/31
Duration of deafness (years) 2.94+7.46 3.06+9.34

Cause of deafness

Congenital 29% 28%
progressive 22%, 26%
unknown 16% 28%
other 33% 17%

The surgeries were performed by two surgeons who have several years of experience
with cochlear implantation using the most commonly accepted technique, i.e. partial
mastoidectomy and posterior tympanotomy and ,soft surgery” at the Department of
Otorhinolaryngology, Head and Neck Surgery, Albert Szent-Gyorgyi Clinical Center, Szeged.
The electrode arrays were inserted via the round window after drilling away the bony structures
over the round window niche (fossula fenestrae cochleae) or after removing the anterior inferior
bony rim of the round window (i.e. extended round window).

As part of the routine clinical protocol, digital radiography of the skull (Stenvers
projection) was performed on the day after surgery to determine the position of the implant.
The relationship between the electrode array and the modiolus was described as shown on
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Figure 5, and the maximum diameter of the loop was measured in the basal turn of the cochlea.

These diameters of electrode loops were compared in the two patient groups. The statistical

evaluation was performed with Student’s t-test.

Contour Advance electrode array Slim Modiolar electrode array
w7 .3 ¥
right left

cochlea basal Sl >

turn, lateral wall
-
M stimulating
.‘ electrode array

Iodlolh'
\ \K‘

Figure 5: The position of perimodiolar electrode arrays within the cochlea, in the same
patient, after sequential cochlear implantations, on Stenvers projection. The right and
left cochlea are regular in shape and equal in size as demonstrated by the CT scan prior
to implantation. The thicker pre-curved stimulating electrode array (Contour Advance)
can be seen in the right cochlea, and the thinner pre-curved electrode array (Slim
Modiolar) in the left cochlea. The dashed black lines indicate the maximum diameter of
the loop inside the cochlea [ref. VI]

Two months after implantation, the energy consumption of the two implants with

different perimodolar electrode arrays was estimated after the device was programmed with the

Cochlear™ Custom Sound® Suite 4.4 software by using the same speech processor

(Cochlear™ Nucleus® CP910). [ref. VI (77)]

I111.5. Evaluation of CBCT in medical imaging of Cl and BAHA

A thorough workup of the literature was made to find the role of CBCT in Cl and

BAHA surgery. Personal imaging experiences are also added.
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IV. RESULTS

IV.1. The vascular map of the retroauricular skin

Based on our individual results with all methods, our findings agree with previous
observations of the main arterial blood supply to the temporal parietal skin reported by several
authors (10-18). Cadaver dissection, MRA and Doppler ultrasound proved to be good methods
to locate the most important external carotid artery branches; i.e. posterior auricular artery,
superficial temporal artery, and occipital artery. In several cases, another considerably large
branch was found that springs off the superficial temporal artery or the parietal branch of the
superficial temporal artery and forms a vascular anastomosis together with the posterior

auricular artery (Figure 6). This is consistent with the observations of Kobayashi et al (13).

Figure 6. An example of the anatomical dissection
shows the plastic template with the eight identical
sectors and the three nutritive arterial branches
of the external carotid artery (white lines):
superficial temporal (a), posterior auricular (b),
and occipital (c) arteries. The right auricle has
been undermined and folded to the front. The EAC
of the right ear is marked with “#” and the helix
with “*”. The arrows show the direction of blood
flow. The thick black line is a 6 cm long section
between the external auditory meatus and the
anticipated place of the screw and is the border
of sectors A and B [ref. I]

The results demonstrate the location and arterial pattern in the temporal parietal region
(Figure 7). It is clearly visible that the relatively large arteries, i.e. the posterior auricular artery
and a postauricular branch of the superficial temporal artery, are likely to be found in the strip
close behind the auricle. Via the occipital access, the occipital artery was found. In contrast, the
area between the above arteries, i.e. the posterior superior parietal region, is relatively poor in
arteries. The blood flow is directed from the center (external carotid artery) to the periphery, as
shown with the arrows on Figure 6.

The prevalence of arteries that were detected with cadaver dissection in each sector (see
Figure 7) correlate well with those obtained via MRA of the twelve living subjects (see Figures
8a-b).
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s Figure 7: Prevalence of arteries that
& °] were detected with cadaver dissection
0 [] in each sector, A to H for 13 cadaver
A B C D E F G H specimens [ref. 1]
Sector

Figure 8a. An example of the MRA study.
The plastic template with the eight
identical sectors and the three nutritive
arterial branches of the external carotid
artery (white lines) are shown: superficial
temporal (a), posterior auricular (b), and
occipital (c) arteries. The EAC of the right
ear is marked with “#” and the helix with
"*”  The arrows show the direction of
blood flow. The thick black line is a 6 cm
long section between the external
auditory meatus and the anticipated place
of the screw and is the border of sectors A
and B. [ref. ]

25 1
g 204 []
2 _
% 15 4
"E *
g 10 -
o Figure 8b: Prevalence of arteries that
g 5 1 were detected with MRA in each sector,
H Ato H for 12 living subjects. Sectors E,
0 A B Cc D E _F & H F, and G are poorly vascularized
Sector [ref. I]'
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All major arteries were successfully detected with the retrospective MRA studies of the carotid
artery. An advantage over computed tomography angiography is that bone has no signal on
MRA, thus the arteries can be visualized better and no exposure to ionizing radiation occurs.
The results were consistent with those of our cadaver study; i.e. the relatively large arteries are
likely to be found in sectors A, B, C, D, and H, whereas sectors E, F, and G are relatively poorly

vascularized (Figure 8b).

The Doppler study could precisely confirm the results of the cadaver and MRA studies. Arteries
of the largest diameter were found in sectors A, B, C, D, E, and H, which are comparable with
the location of the main arterial trunks, i.e. posterior auricular, superficial temporal and occipital
arteries (Figure 9).
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Figure 9: Prevalence of the largest
A artery in each sector, measured by
Ultrasound for 20 volunteers. The chart

gives a detailed percentage overview of
B” intraluminal arterial diameters in each
sub-region. Artery types: type 1: 0-0.5

| mm, type 2: 0.5-1 mm, type 3: 1-2 mm,
1234 Type 1234 Type 1234 Type type 4 >2 mm [ref I]
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The differences in the results from MRA and Doppler ultrasound may arise from the
individual variance and examination technique. A 1.5 Tesla MRA seems to be less sensitive
than the cadaver dissection. During the portable handheld Doppler evaluation, an artery was
detected in sector G in one out of five subjects and none in sector F. The sum of arterial lengths
proved to be highest in sectors B and C (Figure 10) because the posterior auricular and the
occipital arteries enter the retroauricular temporal region there. Also these sectors contain the
large arteries and, therefore, they have to be considered as they are situated in the high surgical
“danger zone”. The upper and posterior sectors (E, F, and G) are less dangerous because of the
low-sum total length and small diameter of the arteries. The analysis of the total lengths of
prevalence of arteries in the upper posterior sectors (E, F, and G) is significantly lower than in
the retroauricular and inferior sectors (B, C, and D). Sectors A and H are transient zones,
because the difference to the other sectors was not significant, but the tendency is that the
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prevalence of arteries compared to the retroauricular and inferior sectors (B, C, and D) is higher.
[ref. 1 (19)]

Mean [19.6 [36.4 [351 (273 |73 |22 |47 |117
(mm)

SE 3.6 3.7 4.4 3.0 0.3 2.0 1.4 1.9

Figure 10: Total length of visible
@ arteries in each sector (mean + SE
[mm]) on cadaver dissection (n = 13)
and magnetic resonance angiography
(n = 12). The total length of the arteries
> in the posterior superior sectors (E, F,

and G) is significantly lower than in the
ﬂ other sectors. (Dunn’s method, P <
H 0.001) [ref. 1]

Total length, mean (mm)

IV.2. Dimensions of the human temporal bone relevant to ClI

The results of our measurements to assess the changes of the mastoid cavity in
dimension, are shown in Figures 11a-c.

The mean distance between the incus short process and the mastoid tegmen (D1) was
5.0 = 1.5 mm in adults, while 6.5 £ 1.9 mm in children (P = 0.014), which is significantly longer
in children (Figure 11a). The mean distance between the mastoid planum and the facial nerve
(D2) was 13.2 = 1.9 mm in children, while 24.3 £ 3.5 mm in adults (P = <0.001), thus
significantly longer in adults (Figure 11b). The mean distance of the mastoid tegmen and
mastoid tip (D3) was 17.8 + 2.4 mm in children, while 35.9 + 5.6 mm in adults (P = <0.001),
thus significantly longer in adults (Figure 11c).

incus short process — mastoid tegmen (D1)

5.0+1,5 mm . 6.5t1.9mm

E= 5
’ tegmen is longer in

adult child - oo1 children than in adults

N=20 N=20 Mann-Whitney Rank Sum Test [ref. ]V]

Figure 11a: The distance

between the incus short

D1 (mm)

process and the mastoid
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mastoid planum — facial nerve (D2)

0

24.3+3.5 mm N 13.2+1.9 mm
Figure 11b:
The distance between
the mastoid planum and

the facial nerve is longer

adult child P =<0.001 in adults than in
N=20 N=20 Mann-Whitney Rank Sum Test children [ref. IV]

D2 (mrg)

mastoid tegmen — mastoid tip (D3)

35.9+5.6 mm N 17.8+2.4 mm

Figure 1lc:
The distance between the
® % mastoid tegmen and the
° mastoid tip is longer in
adult child be adults than in children
N=20 N=20 = <0,001

Mann-Whitney Rank Sum Test [ref. IV]

The means of the measurements are show in the charts on the left, and the examined
distances (D1-D3) are marked with a white line, on the virtual 3D image (created with
3D Slicer 4.2, Virtual Ear Simulator) on the right.

Figures 12a-c show the dimensions of the facial recess and the position of the round
window in the same group of patients. The mean distance between the facial nerve and the
tympanic annulus (D4) was 5.2 + 0.7 mm in adults and 5.4 + 0.7 mm in children (Figure 12a).
The mean distance between the round window and the tympanic annulus (D5) was 6.7 + 0.6
mm in adults and 6.9 £+ 0.8 mm in children (Figure 12b). The mean distance between the round
window and the facial facial nerve (D6) was 5.2 = 0.1 mm in adults and 6.6 + 0.7 mm in children
(Figure 12c). There was no significant difference between D4 and D6 distances between adults
and children.
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facial nerve — tympanic annulus (D4)

Figure 12a:

5.4+0.7 mm 5.240.7 mm

. No significant difference
E T was noted in the distance
E= between the facial nerve
3 ] —— and the  tympanic
annulus between
" " o sgifeant difrence children and adults
N=20 N=20 [ref. |\/]

round window — tympanic annulus (D5)

Figure 12b:

No significant difference
was noted in the distance
between  the  round
window and the tympanic
annulus between

wdut il children and adults
N=20 N=20 No significant difference
[ref. 1V]

6.740.6 MM  6.9:t0.8m

round window — facial nerve (D6)

Figure 12c:

No significant difference
was noted in the distance
between the  round
window and the facial

s 5.2+0.1 mm 6.6£0.7 mm

‘ 1 nerve between children
: . and adults
l:\il(igl(;: IC\ITZ% No significant difference [ref. IV]

The means of the measurements are show in the charts on the left, and the examined
distances (D4-D6) are marked with a white line, on the virtual 3D image (created with
3D Slicer 4.2, Virtual Ear Simulator) on the right.

[ref. 111 (30)]

IV.3. Experience with a low-profile cochlear implant generation

The average length of the surgical incision measured was less than 5 cm in 2 centers and
between 5 and 7 cm in 3 centers. When compared with the earlier type of implant, the incision
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was found to be considerably shorter (3 out of 5 centers; 60%), slightly shorter (1 out of 5
centers; 20%), and unchanged (1 out of 5 centers; 20%).

A bony well was created only in few cases in 2 centers and in all cases in 3 centers. If a
bony well was created, it was performed by removing the outer cortical bone only in three
centers. The bony well was deeper than the outer cortical bone, but less deep than the implant
thickness in one center and the bony well was as deep as the implant thickness in one center.
When compared with the earlier type of implant, the bony well was reported to be considerably
shallower in 4 centers and slightly shallower in 1 center.

None of the centers fixated the implant to the bone. Periosteum and temporalis muscle
was always used for fixation in 2 out of 5 centers. No intraoperative or early postoperative
complication was reported by any of the centers.

Minimal displacement of implant electronics was registered in one center, without the need for
a revision surgery. This center reported to have drilled a bony well as deep as the implant
thickness and used the periosteum for fixation.

The surgical time for unilateral surgery from incision until wound closure was reported
to be less than 50 minutes in 2 centers, 50 to 70 minutes in 1 center and 90 to 110 minutes in 2
centers. The shorter times were seen in those centers in which a bony well was not drilled.
When compared with the earlier types of implants, the surgical time was shorter in all 5 centers.

The operating surgeons found the implantation procedure for the recent type of implant
considerably easier in 2 centers, moderately easier in 1 center and slightly easier in 2 centers.
They also found the implantation considerably safer in 2 centers, moderately safer in 1 center
and slightly safer in 2 centers. The surgeons all agreed that the thin nature of the new implant

did not necessitate a classical bony well. [ref. V (47)]

IV.4. Proximity of perimodiolar CI electrode arrays to the modiolus

The mean of the largest turns of the arrays within the cochlea was 4.2+0.5 mm in the
CI532 group and 4.9+1.1 mm in the CI1512 group (t-probe: p=0.00136). Sequential bilateral
implantation was performed in one of our patients: a C1512 was implanted to the right ear and
a CI532 into the left ear one and half years apart. The electrode arrays were found to be in
perimodiolar position on both sides, and the SM electrode array had shorter loop diameter
within the cochlea. No tip fold-over was detected in our 108 cases that were enrolled into this
study.

The “Auto power” level was significantly lower in the CI532 group (44.81 + 5.05%)
than in the CI512 group (50.85 + 8.35%) (p <0.05). With higher "maxima" values (7.50 £ 0.87
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vs. 6.56 = 1.02), the estimated "lifetime"” of the battery is longer for the thinner perimodiolar

electrode line (Table I11).

Table I1I: Energy consumption indices of the same implant family with a thinner (Slim
Modiolar) and thicker perimodiolar (Contour Advance) electrode array and the same type of

speech processor [ref. VI]

Slim Modiolar Contour Advance
electrode array (CIS532) electrode array (CI512)
44.81 +£5.05% Auto power! * 50.85 +8.35 %
7.5+ 0.87 Maxima’ 6.56 = 1.02
4325+ 846 h Battery® * 40.04 £ 6.48 h
19.56 £ 1.82 h Standard accu * 18.04+2.52h
115+ 1.15h Compact accu® * 10.58+1.51h

1Autopower: The software for device programming enables automatic or manual
configuration of performance for each parameterized setting, called MAP. It is recommended
to use the Auto Power feature whenever possible to help optimize the power level of the sound
processor. After the parameters required for each device setup are determined, the
automatically calculated power level is displayed on the MAPSs.

2Maxima: The maxima is a parameter of the speech coding strategies (SPEAK, ACE™ and
MP3000™), which refers to the frequency ranges of the audio signal after the spectral
resolution that has the highest volume. This value specifies the number of maximas selected
for the given signal, i.e. the number of active electrodes with the highest volume at a given
time.

3Battery: commercial battery, i.e. two pieces of standard batteries type 675
“Compact accu: compact accumulator, smaller than the standard accumulator

*: significant difference

[ref. VI (77)]

IV.5. The characteristic features of CBCT in comparison with MSCT

Given the hazards of ionizing radiation, repetitive imaging studies exponentially

increase the risk of damages to radiosensitive tissues (genetic disorders, malignancies of
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radiosensitive tissues, e.g. eye lens, thyroids, salivary glands, bone marrow and the skin). The
eye lens is one of the most sensitive human tissues. According to the statement of the
International Commission on Radiological Protection in 1990, a single 0.5 to 2.0 Sv and a total
of 5.0 Sv fractional radiation doses contribute to development of cataract and loss of vision
(82). However, in contrast to the deterministic effect, many epidemiological and experimental
studies are in favor of the stochastic hypothesis, i.e. even lower radiation doses may cause
cataract, irrespective of threshold dose (83). A recent retrospective study in a large population
suggests that the risk of developing cataract of the eye lens was significantly risen after 4 cranial
CT scans (84).

The algorithm of the CBCT makes isotropic voxels that can be as small as 0.075 mm,

depending on the scanning presets. This is significantly smaller than the voxel size of a high
resolution MSCT (0.4 mm).
The scanning of the paranasal sinuses with isotropic voxels involved an effective dose of 0.17
mSv with CBCT and 0,87 mSV with MSCT, an approximately 80% decrease in favor of CBCT
(85). The effective radiation dose of CBCT of the head with a field of view of 16 cm was
reported to be 0.1 to 0.35 mSv, depending on the requirements of the imaging protocol (e.g.
optimized to bone or soft tissues) (86). In contrast, the effective dose of an unenhanced head
MSCT scan scored significantly higher at 1 to 2 mSv (87).

Already in 2004, a clinical trial of the CBCT prototype showed that the delicate bony
structure of the temporal bone can be better tested with CBCT than with conventional CT
devices (88). The ossicular chain, the bony labyrinth and the bony canal of the facial nerve can
clearly be depicted (89). CBCT can be integrated into the preoperative assessment flow in
cochlear implantation, as the bony structures (e.g. cochlear turns, developmental status and air

volume of the mastoid process and size of the bony labyrinth) can be well assessed (Figure 13).



With regards to image quality, CBCT outperformed MSCT after middle ear implant
surgeries because less metallic artifacts were produced (90). The position of the CI stimulating
electrode (e.g. insertion depth, proximity to the modiolus, tip fold-over, scala tympani and scala

vestibuli) can be assessed (Figure 14). Mobile C-arm CBCT machines enable intraoperative

imaging in the surgical theater.
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[ref. VII (27)]

Figure 13: The structures of the middle
and inner ear with CBCT (slice
thickness: 0.2 mm). A)-C) Coronal
views. D) Special view of the basal turn
of the cochlea. The lumen of the
cochlea is patent (*), and the delicate
structure of the ossicles can be clearly
depicted (1. malleus, 2. incus, 3.
stapes) [ref. VII]

Figure 14: CBCT that was performed
15 years after cochlear implantation,
cochlear view. A Contour Advance
electrode array is in close proximity to
the modiolus in the scala tympani. The
tympanic cavity and the mastoid
process contains soft tissue instead of
air that is suggestive cholesteatoma
[ref. VI]
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V. DISCUSSION

V.1.  The posterior superior surgical incision for BAHA — A successful modification

Although the vascular anatomy of the temporal skin and the temporal muscle has already
been studied, these investigations focused on the plastic surgical aspects only (10-18). To our
knowledge, our study is the first in the literature with the aim to reveal the vascular pattern of
the retroauricular temporal parietal area to optimize the position of the surgical incision.

Our study suggests that, apart from individual variations, the average tendency is that the larger
arterial branches are close to the auricle, whereas the superior posterior area of the temporal
parietal region contains small arteries only.

An optimal incision preserves good vascular capacities, i.e. the proximal (outflow)
sections. Less bleeding requires less coagulation and, thus, the surgical time can be decreased.
Ideally, the incision is short and placed where the arteries and nerves have split already into
their smaller branches. The original official suggestion by the manufacturer Cochlear ™ isa 7.5
cm curved incision behind the auricle and 15 mm apart from the rim of the internal magnet
plate (81). A 7.5 cm long incision crosses three sectors with two major arteries. Our results
suggest that this causes considerable injuries on both macrovascular and, consequently,
microvascular levels. If a similar incision is made in the posterior superior area, the risk to
traverse a major artery is limited.

The manufacturer’s original recommendation was subject to revision as it puts the skin
laying between the internal and external magnets at considerable risk because both of the main
nourishing arteries (posterior auricular artery and posterior branch of the superficial temporal
artery) in their proximal section are prone to injury by this 7.5 cm incision. If the upper posterior
arteries are transected, it is likely that only one, i.e. either the occipital or the posterior auricular
artery branches, are transected but, importantly, in their distal outflow sections, after the main
outflow tract has formed several branches and anastomosis is already apparent. This indicates
that the surgical area over the implant retains its intact perfusion.

Although the neural network of the skin was not investigated in our study, the
anatomical atlases [e.g. Sobotta: Atlas of Human Anatomy, Urban&Fischer, 14™ edition]
suggest that the major nerves run along the same pathway with the major vessels, thus they are
prone to injuries with the same likelihood. Knowing this, it is advantageous to place the incision
further towards the upper posterior area so that injuries to the C-fibers (non-myelinated fibers)
and the sensory fibers of the skin occur in the distal section, thus only the distal small area will

be affected by microcirculatory and sensory compromises.
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Our results clearly reveal that it is not possible to conduct such surgeries without
transecting at least one major artery with the given 7.5 cm incision, which underlines the
necessity to make the incision as short as possible. In our experience, proper exposure can be
achieved from a 2.5 to 4 cm curved incision in the upper posterior area by undermining and
mobilizing the skin and soft tissues from the periosteum, not only over the implant but also
distal to the incision line. The skin can be retracted enough, and there is enough space, to
complete each step of the implantation, as shown in Figure 15. Because there are no perforating
vessels between the periosteum and the soft tissues, the blood supply of the flap will not be
affected.

Figure 15: The retroauricular skin and soft tissues are
elastic and can be retracted enough and there is
enough space to complete each step of the implantation
from a 2.5-4 cm slightly curved incision in the
posterior superior temporal-parietal region [ref. ]

irtlt]

Our cadaver dissection and imaging studies confirmed that the vascular anatomy is
stable in most of the cases, i.e. the posterior superior area is less vascularized than the anterior
area. This makes not only the expensive (MRA) but also the easy-to-access and cost-effective
preoperative imaging studies (Doppler) unnecessary and thus improves time efficiency. Those
patients in which the vascular architecture has already been stressed from previous ear surgery
(e.g. mastoidectomy, radical middle ear surgery) are challenging because the previous
exposures have deteriorated the blood supply and further incisions diminish it even more (7).
In our opinion, preoperative Doppler examination performed with a simple portable handheld
instrument is sufficient even after previous ear surgeries.

On 19 February 2018, the manufacturer released our modified surgical technique that was based
on the results of our study on the blood supply of the retroaurical skin (19): “How I do it?
Alternative surgical technique for Cochlear Baha Attract” Authors: Laszlo Rovo MD, PhD,
Zsofia Bere MD, PhD, and Adam Perenyi MD [ref. Il (91)].

The reason why our technique is considered superior to the original recommendation is

listed below: This surgical technique results in the preservation of large vessels and nerve fibers,
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and a scar-free retroauricular area. In comparison to the recommended surgical technique, it
provided a shorter surgery time, less pain and numbness around the surgery site, and negated
the need for bone polishing. Additionally, this technique facilitates future reconstructive
surgery if the patient has accompanying congenital ear malformations. Importantly, no
significant differences were found in audiological outcomes when using this technique as

compared to the manufacturer's recommended technique. [ref. I (19)]

V.2. Dimensions in the temporal bone relevant to CI

The skull and soft tissues are significantly thinner in children than in adults. The cranial-
caudal dimensions of the mastoid antrum can be characterized by the distance between the short
process of the incus and mastoid tegmen. The lateral dimensions (depth) of the mastoid cavity
is characterized by the distance of the mastoid planum and the mastoidal section of the facial
nerve, and the cranial-caudal dimensions are characterized by the distance of the mastoid
tegmen and mastoid apex. The ratio between the antrum and the mastoid cells was 0,14 in adults
and considerably larger, 0,37 in children.

Our results are consistent with the data in the literature from cadaver and imaging
studies, i.e. the skull grows after birth, but the dimensions of the inner ear and the facial recess
are constant after birth. [ref. 111 (30)]

V.3. Advantages of a low-profile cochlear implant

Universal newborn hearing screening enables early detection of hearing loss in infants
and their early audiological rehabilitation, well under the age of 1 year. Binaural hearing not
only helps to localize the source of sound but also improves speech perception, especially in
noisy environment (92-94). Therefore, optimum outcomes can be achieved in these infants by
providing them with bilateral cochlear implants.

Although several factors are in favor of simultaneous bilateral implantation, this
procedure is associated with longer surgical time and increased load, especially in infants and
toddlers (95, 96). For this reason, an important goal of implant surgery is to use faster and
minimally invasive surgical techniques. The classical technique of cochlear implantation
requires the drilling of a bony bed and fixation of the device to the skull and is associated with
several risk factors, predominantly in infants and toddlers. The bone and soft tissues are very
thin in these age groups and this makes subjects more prone to complications (28, 35-38). The
biggest advantage of thin implants is that they can be implanted into a shallow bony well or

even without a bony well and often without the need for fixation.
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The surgeons participating in the study all agreed that the thin nature of the new implant
did not necessitate a classical bony well and that the reduction in drilling definitely decreased
the risk of a dural injury, with a further advantage that the implant was less bulging under the
skin. Nevertheless, those who decided to use a bony well, this could be easily created because
in their opinion an anterior rim sufficed to prevent migration of the implant.

The results of the multi-center questionnaire show that the surgical techniques made
possible by the thin implants had several benefits compared to the older devices, which were
clinically relevant:

1) The surgical incision used was shorter, which is associated with less blood loss, as the

bleeding stops sooner and wound closure is faster (Figure 16).

2) No bony well was necessary, or if used it could be made shallow. This reduces the risk

of complications and time can be saved (Figure 17).

Figure 16: Two examples of the shortest incisions. A) A short, linear incision
with superior-posterior extension. B) A short, curved incision in the
retroauricular fold. The drawing indicates the approximate location of the
implant [ref. V]
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Figure 17: An example of sinking the implant into a bony well: Meticulous and
time-consuming surgical steps may be required. Sinking the implant into a bony
well requires several surgical steps. 1: Long incision and large exposition of the
skull. 2: The outline of the bony well. 3: A bony tunnel in which the fixation
sutures are inserted. 4: A bony tunnel in which the stimulating electrode is
inserted. 5: A limited mastoidectomy cavity. 6: Posterior tympanotomy. Steps 1-
4 can be omitted if thin implants are used [ref. V].

3) No other fixation of the implant to the skull other than the subperiosteal tight pocket has
to be used. This ensures enough stability of the implanted device and time can be saved.

4) The rate of displacement (1 out of 73 cases) was comparable to other techniques. Note:
The only displacement was observed at the site in which the standard technique is to
make a bony well as deep as the implant thickness. A deep well requires a large view
and the tissues of the subperiosteal pocket will be weakened.

5) The above-mentioned factors made the implantation procedure simpler, reduced
surgical time and decreased the load of postoperative care and duration of hospital stay.
This is a considerable advantage, especially in simultaneous bilateral implantations in

infants and toddlers.

[ref. V (47)]
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V.4.  Better modiolus hugging properties of the Slim Modiolar electrode array

The (re)habilitation of patients with severe to profound hearing loss is provided by a
variety of Cls and many different electrode arrays. The results of hearing (re)habilitation are
influenced by the individualized choice of the device and the electrode. The importance of
locating the perimodiolar electrodes as close as possible to the modiolus is highlighted by the
result published by Holden et al. in 2013, i.e. the quality of sound perception and speech
perception depends primarily not on the length of the electrode array and the depth of insertion,
but on the position of the electrode array relative to the modiolus (62).

CA is a pre-curved electrode array that is introduced into the cochlea using a metal
stylet. The ,,advance off-stylet” technique has produced better results in reducing the damage
to endocochlear structures; however, this electrode array causes more damage due to its
thickness and metal stylet than the thinner straight electrode arrays (54). In order to reduce the
damage caused in the cochlea, the SM perimodiolar electrode array was developed. It is a
curved, thin and less rigid array, which is introduced into the cochlea by using an external
sheath. Compared to the thicker CA electrode array, the SM array occupies a considerably
smaller volume from the liquid space of the scala tympani and is also predominantly under the
bony part of the basal membrane, which less compromises the hydrodynamic function of the
cochlea. This is an important issue for preservation of usable residual hearing (66).

The position of the stimulating electrodes within the cochlea was determined by making
measurements on the postoperative radiographs. Although CBCT), rotational tomography or
high resolution MSCT scan are capable of providing fine detailed images, which allows for
more accurate measurements, these studies are associated with a significantly higher exposure
(effective dose) to the patient compared with a plain film of the skull and they have more limited
access to daily care (27, 97-99). Yet, the difference between patient groups implanted with
different electrodes can be clearly detected in direct digital radiography due to the standardized
protocol, with a high number of cases involved (75). On Stenvers projection, the central beam
transects the cochlea, so magnification and distortion known as characteristics of plain film
technology has an equal and practically negligible effect on image analysis. Summation is also
negligible due to the different absorption capacities of the metal (electrode), bone and soft
tissue. Patients' age differences in imaging studies are also negligible, as the dimensions of the
inner ear are the same at birth as those of the adults (100-102). Furthermore, we found a

significant difference in the intracochlear loop diameter and energy consumption of the two
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types of perimodiolar electrode arrays, the thinner electrode array being more beneficial. [ref.
VI (77)]

V.5. The role of CBCT in the imaging of Cl and BAHA

The current, most widely used, and routine imaging protocol involves MSCT and MRI
before cochlear implantation and radiography after cochlear implantation. CBCT provides
comparable information with less effective dose in the preoperative assessments. The Stenvers
projection allows detection of the complications which require removal and repositioning of
the electrode array, e.g. due to electrode tip fold-over with relatively high sensitivity (103, 104).

A disadvantage to be taken into account is the summative nature of radiography that
does not allow discrimination of the intracochlear structures (scala tympani, scala vestibuli). If
quality control requires such discrimination, high resolution computed tomography is
recommended (97-99). Given the hazards of ionizing radiation, repetitive imaging studies, that
involve radiation, exponentially increase the risk of damages to radiosensitive tissues. The eye
lens is one of the most sensitive human tissues. For this reason, the use of alternatives to the
high-dose MSCT with comparable image quality is strongly supported. With appropriate
indication and imaging technique, CBCT is equal to or better than MSCT in preoperative and
postoperative needs in temporal bone surgery including cochlear implantation (27, 88, 89). [ref.
VI (27)]
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VI. CONCLUSION AND NEW RESULTS

VI1.1. Bone-anchored hearing aids, focusing on passive transcutaneous implants

Our study clearly confirms the coherent advantages of the short posterior superior
incision when transcutaneous bone-conduction hearing devices are implanted, based on the
surgical anatomical vascular relationships. Although this study involved passive magnet
connection osseointegrated systems only, our recommendation for the ideal incision can be
beneficial to avoid postoperative complications for the implant of active abutment connection
osseointegrated systems also. The undeniable similarities of the anatomical vascular
relationships among the individual subjects put the necessity of preoperative imaging (not only
the expensive MRA but also the cost-effective ultrasound) into question. Our opinion is that,
with regards to the vascular network, preoperative imaging is recommended in those cases, only
in which the retroauricular area was subject to previous surgical stress. In those cases, portable
handheld Doppler examination is reliable, quick, and cost effective. In any case, the surgeon

should aspire to make the shortest possible incision. [ref. | (19)]

VI1.2. Anatomical aspects of Cl surgeries in infants and toddlers

As demonstrated by our workgroup, bone and soft tissue thickness of the skull of
children is significantly lower than in adults (28). The maximum size of posterior tympanotomy
and the position of the round window are similar in children and adults. The very thin skull and
soft tissue especially around 1 year of age underline the need for the thinner cochlear implants
too.

The surgical technique of cochlear implantation is not necessarily associated with higher
risk due to the anatomical peculiarities of the low-age group. On the contrary, easier
visualization of the round window and the need for less bone work in the immature temporal
bone enable a less traumatic procedure in infants and toddlers. From our study we conclude that
the anatomical characteristics of the age group around 1 year, i.e. the anatomical dimensions
that are relevant for cochlear implantation in the temporal bone, do not complicate the surgical
procedure and a delay in the timing of this hearing rehabilitation surgery is not acceptable. [ref.
11 (30)]

V1.3. The advantages of a low-profile cochlear implant generation

Thin implants are advantageous because they fit to the shape of the skull and cause only

slight protrusion of the soft tissues, even without a bony well. The smaller incision (exploration)
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is associated with less blood loss and a drop in surgical time. Our study underlines that the new
thin implants are associated with real benefits, in that they allow us to further develop and
simplify the surgical technique for cochlear implantation. One should note that if the surgical
incision is larger than necessary and the integrity of the soft tissues is not preserved, the pocket
for the implant will necessarily be weakened. In such cases, in order to prevent implant
displacement, the implant should be fixated to the bone (with bony well and/or sutures). In our
opinion, the development of cochlear implant design should be directed towards a decrease in
thickness and adaption to the shape of skull. [ref. V (47)]

V1.4. Better modiolus-hugging properties of the Slim Modiolar electrode array

Our measurement data indicate that the thin perimodiolar electrode takes a significantly
closer position to the modiolus than the thick perimodiolar electrode, which explains our
observation from preliminary electrophysiological studies: the same stimulus can be obtained
with a lower current with the thin perimodiolar electrode compared to the thick perimodiolar
electrode. [ref. VI (77)]

VI1.5. The role of CBCT in the imaging of Cl and BAHA surgery

CBCT provides high-resolution imaging and reformations in any optional plane and in
space with considerably lower effective radiation dose than MSCT. CBCT with appropriate
indications proved to be an excellent diagnostic tool in otorhinolaryngological imaging. It can
be effectively applied in the preoperative, perioperative and postoperative assessments for Cl
and BAHA surgeries. We recommend to integrate CBCT into the diagnostic flow as the low-
radiation alternative of MSCT, especially in those cases which possibly necessitate repetitive

imaging with ionizing radiation. [ref. VI (27)]
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VIlI.  APPENDIX

Questionnaire about Nucleus Profile Implants

Center name, address: .....oovviiii
Filled in DY: . onii e

1. What is the typical size of incision?
A) <5cm
B) 5-7cm
C) 7-9cm
D) 9-11cm
E) >1lcm

2. Compared to earlier cochlear implant types, the typical size of incision is:
A) much shorter
B) slightly shorter
C) the same
D) slightly longer
E) much longer

3. Do you create a bony well for the implant?
A) always
B) in most cases
C) in about half of the cases
D) in some cases
E) never

4. If yes, how deep is the deepest part?
A) just the outer cortical bone
B) more than the outer cortical bone but less than the implant thickness
C) as deep as the implant thickness
D) more than the implant thickness
E) the total bone thickness

5. Compared to earlier cochlear implant types, the bony well with Profile implants is
A) significantly less deep
B) slightly less deep
C) the same
D) slightly deeper
E) significantly deeper

6. Do you fixate the implant to the bone with sutures?
A) always
B) in most cases
C) in half of the cases
D) in some cases
E) never
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11.

12.

13.
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Do you fixate the implant to the periosteum with sutures?
A) always
B) in most cases
C) in about half of the cases
D) in some cases
E) never

Do you fixate the implant to the temporal muscle with sutures?
A) always
B) in most cases
C) in about half of the cases
D) in some cases

E) never

Have you realized displacement of the implant?
A) no
B) yes,in...... cases

Average surgical time from incision until wound closure, unilateral implant
A) <50 Minutes
B) 50-70 Minutes
C) 70-90 Minute
D) 90-110 Minutes
E) >110 Minute

Compared to earlier cochlear implant types, the surgical time is
A) shorter
B) the same
C) longer

Do you think that Profile makes the implantation procedure easier?
A) No
B) yes, slightly
C) yes, moderately
D) vyes, significantly

Do you think that Profile makes the implantation procedure safer (less complications)?
A) No
B) yes, slightly
C) yes, moderately
D) yes, significantly
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Abstract

of reduced bleeding.

though large in proximity to the auricle region.

Trial registration: This was a non-interventional study.

Temporal parietal soft tissue, Doppler ultrasound

Background: Passive transcutaneous osseointegrated hearing implant systems have become increasingly popular
more recently. The area over the implant is vulnerable due to vibration and pressure from the externally worn sound
processor. Good perfusion and neural integrity has the potential to reduce complications. The authors’ objective was to
determine the ideal surgical exposure to maintain perfusion and neural integrity and decrease surgical time as a result

Methods: The vascular anatomy of the temporal-parietal soft tissue was examined in a total of 50 subjects. Imaging
diagnostics included magnetic resonance angiography in 12 and Doppler ultrasound in 25 healthy subjects to reveal
the arterial network. Cadaver dissection of 13 subjects formed the control group. The prevalence of the arteries were
statistically analyzed with sector analysis in the surgically relevant area.

Results: The main arterial branches of this region could be well identified with each method. Statistical analysis showed
that the arterial pattern was similar in all subjects. The prevalence of major arteries is low in the upper posterior area

Conclusions: Diverse methods indicate the advantages of a posterior superior incision because the major arteries and
nerves are at less risk of damage and best preserved. Although injury to these structures is rare, when it occurs, the

distal flow is compromised and the peri-implant area is left intact. Hand-held Doppler is efficient and cost-effective in
finding the best position for incision, if necessary, in subjects with a history of surgical stress to the retroauricular skin.

Keywords: Ear surgery, Conductive hearing loss, Numbness, Skin necrosis, Bone-anchored hearing aid, Arterial network,

Background

Among all osseointegrated hearing implant systems,
percutaneous abutment connection bone conduction
systems have prevailed in the market for many decades.
More recently, the newly developed transcutaneous
magnet-connection bone conduction systems have
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gained increasing popularity. Implanted bone conduc-
tion devices that vibrate the bone via the skin are con-
sidered passive and may be referred to as “skin-drive” as
opposed to “direct drive” systems [1].

Passive transcutaneous skin-drive systems with im-
proved speech processors adequately treat mixed types
of hearing loss associated with a relatively small sensori-
neural component. The surgery is straightforward, fast,
and can be performed either in local or general
anesthesia. An obvious advantage of the transcutaneous
systems compared to the percutaneous ones is that the
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skin over the implant is left intact; thus, patients are
more likely to accept the cosmetic results and adverse
events can be prevented effectively (e.g. tissue over-
growth, peri-implant skin necrosis, numbness, or extru-
sion of the device [1]).

Potential drawbacks include the two magnets that put
static and dynamic pressure on the skin that lies in-
between, and the significantly larger surgical exposure in
contrast to that used for the percutaneous implants.
Specifically, compared to the punch technique [2] used
for percutaneous implants, transcutaneous implants re-
quire a significantly larger skin incision.

Major injuries to the macrocirculation are strictly con-
nected with compromised microcirculation, which re-
sults in compromised vitality of the skin flap, pain,
numbness, and discomfort wearing the device [3]. Fur-
thermore, blood flow in the skin is crucially controlled
by perivascular nerves [4]. Consequently, injury of the
neurovascular system leads to damaged perfusion of the
given skin area. Skin erythema, discomfort, pain and
hematoma have been reported [5].

An ideal incision leaves the normal vascular and
neural system intact. Accurate knowledge of the vascular
and neural system is therefore crucial.

Although the vascular anatomy of the temporal parietal
soft tissues has been investigated [6-16], the studies are
mainly concerned with reconstructive surgical aspects but
not with the special aspects of hearing implant surgeries.

The null hypothesis formulated was that a large retro-
auricular incision injures the major arteries that feed the
temporal parietal skin. The authors’ aim was to potentially
decrease the surgical time and complication rate for mag-
net connection transcutaneous bone-conduction implants
by (1) determining the preferable surgical incision, (2)
finding the best suitable imaging method to determine the
individual vascular and neural anatomy of the soft tissues
of the retroauricular temporal-parietal region in a large
number of subjects (50 in total) and (3) determining
whether individual preoperative imaging is desirable.

Methods
The protocol of the investigation was approved by the
Institutional Review Board (Human Investigation Review
Board, University of Szeged, Albert Szent-Gyorgyi Clin-
ical Centre. Reference number: 3281), and the investiga-
tors obtained written informed consent from each
participant or each participant’s guardian. All procedures
performed in studies involving human participants were
in accordance with the ethical standards of the institu-
tional and/or national research committee and with the
1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Implanted subjects received the Cochlear ™ Baha ° 4
Attract System for this study, which is a transcutaneous
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bone-conduction hearing device reimbursed by our so-
cial security system.

Cadaver dissection was regarded as the gold standard
of the investigations. Retrospective analysis of computed
tomography angiography of the carotid arteries was
found inefficient in visualizing some arteries, typically
the posterior auricular artery. Angiography is a sensitive
method that involves ionizing radiation. An alternative
investigational method of the superficial vascular anat-
omy is in vivo photoacoustic imaging which provides
high resolution 3D images of the vascular structure, the
maximum depth is only 5 mm though [17].

Given the potential drawbacks of ionizing radiation,
magnetic resonance angiography and ultrasound, both free
of ionizing radiation, were selected for vascular studies.

The vascular pattern and blood flow of the temporal-
parietal soft tissue was examined in 50 subjects. The ex-
aminations were performed with cadaver dissection (13
subjects), magnetic resonance angiography (12 subjects),
and in vivo Doppler ultrasound (25 subjects). In order to
rule out duplication of the results from individual sym-
metries, thus making the statistics more robust; only one
side of each subject was examined. General exclusion
criteria from the study were a history of a previous ear
surgery and considerable stenosis of the carotid arteries.

Cadaver dissection

The arteries of the temporal-parietal region were dis-
sected in 13 adult cadavers. Authorized staff assigned
them consecutively to this study as they became avail-
able. The study group comprised six men and seven
women between the ages of 45 and 88 years, the mean
age was 73.8 years. With the cadaver in the supine pos-
ition and the head turned to the opposite side, a skin in-
cision was made anterior to the tragus and continued
anterior upwards to the skull and downwards under the
tip of the mastoid process and along the anterior rim of
the sternocleidomastoid muscle. Binocular surgical
loupes were used for preparation. After visualization of
the common carotid artery, the artery was followed dis-
tally to the carotid bifurcation and then to the external
carotid artery. After the occipital, the posterior auricular
and the superficial temporal arteries were detected at
their origin, their distal sections were dissected as far as
visually possible.

Following the size data and incision recommendations
of the manufacturer (Cochlear ™ Baha © 4 Attract System
Surgical Procedure, www.cochlear.com, accessed on 30
June 2015), a template of transparent film was made.
This round template was 57 mm in diameter and its
center (which indicates the implanted screw) was placed
5-6 cm from the external auditory meatus. The surface
area of the template was subdivided into eight equally
sized sectors, see Fig. 1. The line between the center and
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Fig. 1 An example of the anatomical dissection shows the plastic
template with the eight identical sectors and the three nutritive arterial
branches of the external carotid artery (white lines): superficial temporal
(), posterior auricular (b), and occipital (c) arteries. The right auricle has
been undermined and folded to the front. The EAC of the right ear is
marked with “#" and the helix with “*". The arrows show the direction
of blood flow. The thick black line is a 6 cm long section between the
external auditory meatus and the anticipated place of the screw and is
the border of sectors A and B

the external auditory meatus defined the border be-
tween sectors A and B. The transparent template with
the eight sectors was again placed on the head. Photo
documentation was made, which was followed by
digital picture analysis.

Retrospective analysis of magnetic resonance
angiography (MRA) studies

A total of 12 consecutive MRA studies (1.5 Tesla, General
Electric, USA) of the carotid arteries of adults who had
undergone medical imaging due to possible arterioscler-
osis of the internal carotid artery branches with findings
of no stenosis, were analyzed retrospectively. The standard
angiography protocol was: Axial T2 and FLAIR sequences,
followed by a 3D TOF SPGR, then a sagittal and coronal
T1 weighted image was added. The 3D TOF sequence’s
scanning parameters included TE out of phase 6.8-13.1,
TR 33 ms, Flip Angle 20, Bandwidth 25, FOV 24 cm. A
slice thickness of 1.4 mm with an overlap of 15 mm, Ac-
quisition timing: Freq 384, Phase 224, Phase FOV 0.75.
The number of acquisitions was 1, Relative SNR 70%,
maximum number of slices 256. The right occipital, pos-
terior auricular and superficial temporal arteries and their
branches were marked. The template, as described above
in the cadaver examination section, was placed onto the
digital images and analyses were performed by size of the
arteries per sector.
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Doppler ultrasound

The parietal temporal region of 25 healthy adult subjects
was examined with color Doppler ultrasound (20 sub-
jects) and with preoperative portable handheld Doppler
(5 subjects).

A total of 20 healthy adult volunteers who visited the
clinic for diverse reasons and agreed to participate, were
enrolled into the Doppler ultrasound study. The study
group comprised 10 men and 10 women aged between
21 and 65 years with a mean age of 41.3 years. As the re-
gion of interest was not shaved, ultrasound gel was
abundantly applied as a coupling agent between the
probe and the skin. The right side was scanned. The
14 MHz linear array probe of a GE Logic 7 (General
Electric Inc., USA) was wused. The retroauricular
temporal-parietal skin was scanned according to sectors
A to H as shown in Fig. 1 by carefully scanning with the
probe over each sector. Pressure to the skin that may
cause squeezing of the vessels was avoided. In the B-
mode (14 MHz, high magnification), the skin, the sub-
cutaneous fat, the muscular layer and the periosteum
were identified. The color mode with very sensitive pa-
rameters (overgained color, low-pulse repetition fre-
quency) allowed for identification of the vessels. The
largest artery in diameter was tracked. When a vessel
was found, the probe was adjusted into its longitudinal
axis to assess flow type and velocity and differentiate be-
tween arteries and veins. Later on, the probe was rotated
by 90° to visualize the cross-section of the arteries. The
largest artery diameters were noted in each preformed
area; flow direction was determined and the diameter of
the largest artery was noted.

Preoperative Doppler scans with a handheld Doppler device

A total of five consecutive subjects who were scheduled
for Baha Attract implantation were enrolled into this
preoperative assessment. A portable handheld Doppler
device (Hadeco Doppler Smartdop 50ex) was used to
identify and mark the main arterial trunks just prior to
surgery to help the surgeon determine the best position
of the incision and the implantable hearing aid. The re-
sults were investigated case-by-case.

Statistical analysis was done with the above described
template in the cadaver (1), MRA (2), and Doppler ultra-
sound (3a) evaluations, whereas a case-by-case analysis
was performed for the handheld Doppler assessments (3b).

Statistical analysis was performed with SigmaPlot 13
scientific graphing and statistical analysis software
(Systat Software Inc, California). Data are presented in
mean * SE. For inter-group comparisons, Kruskal-Wallis
One Way Analysis of Variance on Ranks was performed
(H=52,047 with 7 degrees of freedom; p <0.001) with
Dunn’s multiple comparison method (p <0.05).
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Results

Based on our individual results with all methods, our find-
ings agree with previous observations of the main arterial
blood supply to the temporal parietal skin reported by sev-
eral authors [6-16]. Cadaver dissection, MRA and Dop-
pler ultrasound proved to be good methods to locate the
most important external carotid artery branches; i.e. pos-
terior auricular artery, superficial temporal artery, and oc-
cipital artery. In several cases, another considerably large
branch was found that springs off the superficial temporal
artery or the parietal branch of the superficial temporal ar-
tery and forms a vascular anastomosis together with the
posterior auricular artery. This is consistent with the ob-
servations of Kobayashi et al. [9].

The results demonstrate the location and arterial pat-
tern in the temporal parietal region (Fig. 1). It is clearly
visible that the relatively large arteries, i.e. the posterior
auricular artery and a postauricular branch of the super-
ficial temporal artery, are likely to be found in the strip
close behind the auricle. Via the occipital access, the oc-
cipital artery was found. In contrast, the area between
the above arteries, i.e. the posterior superior parietal re-
gion, is relatively poor in arteries. The blood flow is di-
rected from the center (external carotid artery) to the
periphery, as shown with the arrows (Fig. 1).

The prevalence of arteries that were detected with ca-
daver dissection in each sector (see Fig. 2) correlate well
with those obtained via MRA of the twelve living sub-
jects (see Figs. 3 and 4).

All major arteries were successfully detected with the
retrospective MRA studies of the carotid artery. An ad-
vantage over computed tomography angiography is that
bone has no signal on MRA, thus the arteries can be visu-
alized better and no exposure to ionizing radiation occurs.
The results were consistent with those of our cadaver
study; i.e. the relatively large arteries are likely to be found
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Fig. 2 Prevalence of arteries that were detected with cadaver dissection
in each sector, A to H for 13 cadaver specimens
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in sectors A, B, C, D, and H, whereas sectors E, F, and G
are relatively poorly vascularized (Figs. 3 and 4).

The Doppler study could precisely confirm the results
of the cadaver and MRA studies. Arteries of the largest
diameter were found in sectors A, B, C, D, E, and H,
which are comparable with the location of the main ar-
terial trunks, i.e. posterior auricular, superficial temporal
and occipital arteries (Fig. 5).

The differences in the results from MRA and Doppler
ultrasound may arise from the individual variance and
examination technique. A 1.5 Tesla MRA seems to be
less sensitive than the cadaver dissection.

During the portable handheld Doppler evaluation, an
artery was detected in sector G in one out of five sub-
jects and none in sector F.

The sum of arterial lengths proved to be highest in sec-
tors B and C (Fig. 6) because the posterior auricular and
the occipital arteries enter the retroauricular temporal re-
gion there. Also these sectors contain the large arteries
and, therefore, they have to be considered as they are situ-
ated in the high surgical “danger zone”. The upper and
posterior sectors (E, F, and G) are less dangerous because
of the low sum-total length and small diameter of the ar-
teries. The analysis of the total lengths of prevalence of ar-
teries in the upper posterior sectors (E, F, and G) is
significantly lower than in the retroauricular and inferior
sectors (B, C, and D). Sectors A and H are transient zones,
because the difference to the other sectors was not
significant, but the tendency is that the prevalence of ar-
teries compared to the retroauricular and inferior sectors
(B, C, and D) is higher.

Discussion

Although the vascular anatomy of the temporal skin and
the temporal muscle has already been studied, these in-
vestigations focused on the plastic surgical aspects only
[6-16]. To our knowledge, our study is the first in the
literature with the aim to reveal the vascular pattern of
the retroauricular temporal parietal area to optimize the
position of the surgical incision.

Our study suggests that, apart from individual varia-
tions, the average tendency is that the larger arterial
branches are close to the auricle, whereas the superior
posterior area of the temporal parietal region contains
small arteries only.

An optimal incision preserves good vascular capacities,
i.e. the proximal (outflow) sections. Less bleeding requires
less coagulation and, thus, the surgical time can be de-
creased. Ideally, the incision is short and placed where the
arteries and nerves have split already into their smaller
branches. The official suggestion by the manufacturer
Cochlear® is a 7.5 cm curved incision behind the auricle
and 15 mm apart from the rim of the internal magnet
plate (Cochlear ™ Baha ° 4 Attract System Surgical
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Fig. 3 An example of the MRA study. The plastic template with the eight identical sectors and the three nutritive arterial branches of the external
carotid artery (white lines) are shown: superficial temporal (a), posterior auricular (b), and occipital (c) arteries. The EAC of the right ear is marked
with “#" and the helix with “*". The arrows show the direction of blood flow. The thick black line is a 6 cm long section between the external
auditory meatus and the anticipated place of the screw and is the border of sectors A and B

J

Procedure, www.cochlear.com, accessed on 30 June 2015).
A 75 cm long incision crosses three sectors with two
major arteries. Our results suggest that this causes consid-
erable injuries on both macrovascular and, consequently,
microvascular levels. If a similar incision is made in the
posterior superior area, the risk of traversing a major ar-
tery is limited.

The manufacturer’s recommendation should be re-
vised as it puts the skin laying between the internal and
external magnets at considerable risk because both of
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Fig. 4 Prevalence of arteries that were detected with magnetic
resonance angiography in each sector, A to H for 12 living subjects.
Sectors £, F, and G are poorly vascularized

the main nourishing arteries (posterior auricular artery
and posterior branch of the superficial temporal artery) in
their proximal section are prone to injury by the 7.5 cm
incision. If the upper posterior arteries are transected, it is
likely that only one, i.e. either the occipital or the posterior
auricular artery branches, are transected but, importantly,
in their distal outflow sections, after the main outflow
tract has formed several branches and anastomosis is
already apparent. This means that the surgical area over
the implant retains its intact perfusion.

Although the neural network of the skin was not in-
vestigated in our study, the anatomical atlases [e.g.
Sobotta: Atlas of Human Anatomy, Urban&Fischer, 14th
edition] suggest that the major nerves run along the
same pathway with the major vessels, thus they are
prone to injuries with the same likelihood. Knowing this,
it is advantageous to place the incision further towards
the upper posterior area so that injuries to the C-fibers
(non-myelinated fibers) and the sensory fibers of the
skin occur in the distal section, thus only the distal small
area will be affected by microcirculatory and sensory
compromises.

Our results clearly reveal that it is not possible to con-
duct such surgeries without transecting at least one
major artery with the given 7.5 mm incision, which un-
derlines the necessity to make the incision as short as
possible. In our experience, proper exposure can be
achieved from a 3 to 4 cm curved incision in the upper
posterior area by undermining and mobilizing the skin
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Fig. 5 Prevalence of the largest artery in each sector, measured by Ultrasound for 20 volunteers. The chart gives a detailed percentage overview
of intraluminal arterial diameters in each sub-region. Artery types: type 1: 0-0.5 mm, type 2: 0.5-1 mm, type 3: 1-2 mm, type 4: >2 mm

and soft tissues from the periosteum, not only over the
implant but also distal to the incision line. The skin can
be retracted enough, and there is enough space, to
complete each step of the implantation, as shown in
Fig. 7. Because there are no perforating vessels between
the periosteum and the soft tissues, the blood supply of
the flap will not be affected.

Our cadaver dissection and imaging studies con-
firmed that the vascular anatomy is stable in most of
the cases, i.e. the posterior superior area is less vascu-
larized than the anterior area. This makes not only
the expensive (MRA) but also the easy-to-access and
cost-effective preoperative imaging studies (Doppler)
unnecessary and thus improves time efficiency. Those
patients in which the vascular architecture has already
been stressed from previous ear surgery (e.g. mastoid-
ectomy, radical middle ear surgery) are challenging
because the previous exposures have deteriorated the

blood supply and further incisions diminish it even more
[3]. In our opinion, preoperative Doppler examination
performed with a simple portable handheld instrument is
sufficient even after previous ear surgeries.

Conclusion

Our study clearly confirms the coherent advantages of
the short posterior superior incision when transcutane-
ous bone-conduction hearing devices are implanted,
based on the surgical anatomical vascular relationships.
Although this study involved passive magnet connection
osseointegrated systems only, our recommendation for
the ideal incision can be beneficial to avoid postoperative
complications for the implant of active abutment con-
nection osseointegrated systems also. The undeniable
similarities of the anatomical vascular relationships among
the individual subjects puts the necessity of preoperative
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Fig. 6 Total length of visible arteries in each sector (mean + SE
[mm]) on cadaver dissection (n=13) and magnetic resonance
angiography (n = 12). The total length of the arteries in the posterior
superior sectors (£, f, and G) is significantly lower than in the other
sectors. (Dunn’'s method, P <0.001)

imaging (not only the expensive MRA but also the cost-
effective ultrasound) into question.

Our opinion is that preoperative imaging is recom-
mended in those cases, only in which the retroauricular
area was subject to previous surgical stress. In those

Fig. 7 The retroauricular skin and soft tissues are elastic and can be
retracted enough and there is enough space to complete each step
of the implantation from a 2.5-4 c¢m slightly curved incision in the

posterior superior temporal-parietal region
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cases, portable handheld Doppler examination is reliable,
quick, and cost effective. In any case, the surgeon should
aspire to make the shortest possible incision.
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Cochlear™Baha®Attract Surgery

How | Do [t

Alternafive surgical technique for Cochlear Baha Attract

Authors: Laszlo Rovo MD, PhD, Zsofia Bere MD, PhD, and Adam Perenyi MD, University of Szeged, Szeged, Hungary

The Cochlear™Baha® Attract System is a proven method of treatment for individuals with single-sided sensorineural
deafness (SSD), conductive hearing loss or mixed hearing loss. The system uses the stable Cochlear Baha BI300 Implant,
with a magnetic connection to retain the externally worn sound processor.

This paper presents an alternative procedure to the Cochlear recommended procedure set forth in the Surgeon's Guide.
The procedure is designed to reduce incision length, reduce the need to bone polish, preserve flap viability by sparing
blood loss, and prevent numbness of the skin by preserving nerve fibers. This procedure has provided successful outcomes
for 42 patients implanted at University of Szeged in Szeged, Hungary.

Incision recommendation

Prior to instituting this surgical approach as standard at Szeged
University, a study was conducted examining the blood supply of the
retro-aurical skin!' In this study, the vascular anatomy of the temporal-
parietal soft tissue was examined using MRA (12 subjects) and Doppler
ultrasound (25 subjects) with cadaver dissection conducted in 13
cases serving as the control group. The result was an examination

of 50 subjects. A sector analysis was completed in order to map the
prevalence of the arteries in each location.

Analysis of these 50 subjects indicated that branches of the external
carotid artery (including the posterior auricular artery, the posterior
branch of the superficial temporal artery, and the occipital artery)
perfuse the retroauricular soft tissue. Conversely, the prevalence

of arteries in the upper posterior area is low. The aim of using this
incision is to preserve blood supply and tissue integrity.

1. Perenyi A, Bere Z, Jarabin J, Sztano B, Kukla E, Bikhazi; Z, Tiszlavicz L, Toth

F, Kiss G, Rovo L. Vascular mapping of the retroauricular skin - Proposal for

a posterior superior surgical incision for transcutaneous bone-conduction

hearing implants. ] Otolaryngol Head Neck Surg. 2017 17;46(1):6. This paper is not intended for use in the United States and Canada.



Alternative Procedure Overview
STEP 1

Mark the implant site in the posterior superior area, approximately 50-70 mm from the ear canal.
Using the Baha Indicator, trace the shape of the external magnet.

STEP 2

Mark a slightly arc-shaped incision approximately 20-30 mm in length.

STEP 3

Inject local anaesthetic at incision site and the magnet site. This will raise the periosteum
at the magnet location as well.

STEP 4

Following the marking, make an incision using a scalpel down to the periosteum.

STEP 5

Using a blunt alar retractor or Desmarres retractor, retract the soft tissue. Using pointed curved
Cooper scissors, expose the area at the magnet site and a 20 mm strip behind the incision.

STEP 6

While holding the retractors in place, make a guide hole at the implant site using the 3+4 mm
conical guide drill at the recommended drill speed of 2000 rpm. Once a drill depth of 3 mm
is reached, check for bone using the dissector. If bone remains, remove the white spacer on
the conical guide drill and drill to a depth of 4 mm (if dura reached at 3 mm, discontinue
drilling with conical guide drill).

STEP7

Widen the implant site with the corresponding widening drill.
NOTE: While drilling abundant irrigation should be used.

STEP 8

Place the appropriately sized implant (either 3 or 4 mm) using the implant inserter at the
manufacturer recommended torque setting. No irrigation should be used until the implant
is approximately two rotations into the site.

STEP 9

Tighten the bone bed indicator on the implant and gently rotate it clockwise to ensure it does not
touch bone. If the bone bed indicator touches bone, use the Multiwrench with ISO adaptor in the
“OUT" configuration and perform a reverse rotation to back the implant out approximately 180 —
360 degrees. This results in raising the implant from the fully seated position by approximately
0.5 - 1T mm. This will negate the need to bone polish using a high speed otologic drill.

STEP 10

Continuing to use a retractor, place the BIM400 Implant Magnet into the implant and in the proper
orientation using the Unigrip screwdriver.

STEP 11

If greater than 6 mm of soft tissue was measured prior to injecting local anaesthetic, the tissue flap
over the magnet must be thinned. Continuously assess that thinning is sufficient by using the soft
tissue gauge.

STEP 12
Suture and apply a mastoid pressure dressing as recommended.

This paper is not intended for use in the United States and Canada.



CLINICAL OUTCOMES

To validate this surgical technique, Dr. Rovo, Dr. Bere and Dr. Perenyi have compared the outcomes from 42 patients operated with the described
surgical technique to 27 patients from the Baha Attract Multi Centre study. The factors compared were surgery time, need for soft tissue reduction,
wound healing period, acute wound complication, skin irritation, pain and numbness at or near the incision site. In the patients operated with the
surgical technique described in this paper, 35 patients were implanted using local anaesthetic only. Surgery time ranged from 8-15 minutes, with
an average time of nine minutes as compared to an average surgery time of 45 minutes in the multi-centre study. By leaving the implant proud

by 0.5 - 1T mm, there was no need to bone polish, thus decreasing surgery time. In the multi-centre study, four of the 27 patients reported mild
erythema post-operatively, with three cases resolving without medical treatment. In the study of 42 patients, three cases of mild, temporary
erythema were reported, all of which resolved when a weaker magnet was used. Additionally, only one patient in the study reported pain
post-operatively, which resolved at approximately one week without the need for medical intervention. By comparison, four patients

in the multi-centre study reported pain, with two patients continuing to report pain after continuous use.

SUMMARY

This surgical technique results in the preservation of large vessels and nerve fibres, and a scar-free retroauricular area. In comparison to the
recommended surgical technique, it provided a shorter surgery time, less pain and numbness around the surgery site, and negated the need for
bone polishing. Additionally, this technique facilitates future reconstructive surgery if the patient has accompanying congenital ear malformations.
Importantly, no significant differences were found in audiological outcomes when using this technique as compared to the manufacturer's
recommended technique.

Number of patients ' -

3/42; mild erythema all of
Rovo Study 42 9 minutes which resolved with weaker
magnet

1/42; resolved approximately
one week post-surgery

4/27; mild erythema, one
Multi-centre Study 27 45 minutes case requiring medical
intervention

4/27, two cases reporting
pain with continuous use

This paper is not intended for use in the United States and Canada.
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Fiatalkori hallasrehabilitacio
Baha® Attract implantatumrendszerrel
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1Szegedi Tudomanyegyetem, Altalinos Orvostudoményi Kar,

Fiil-Orr-Gégészeti és Fej-Nyaksebészeti Klinika, Szeged

?Department of Otorhinolaryngology, University of Medicine and Pharmacy of Tirgu Mures, Romania

Bevezetés: A Baha® Attract egy 4j, implantilhaté transcutan csontvezetéses halldsjavito rendszer, amely fiatalkorban is
el8nyosebb lehet a klasszikus percutan eszkozokkel szemben. Célkitiizés: Az eszkoz alkalmazisi lehetSségeinek bemu-
tatdsa a fiatalkori halldsrehabiliticiés mttéteknél. Modszer: Klinikinkon ez iddig nyolc esetben végeztiink fiatalkorban
implanticiét (dtlag 13,2 = 3,2 év) az altalunk moédositott ,,posterosuperior” feltirasos technikdval, 5 mm-es implan-
tatummal. Az életkori sajatsigok indokoltdk, hogy kiegészit$ tanulmdanyként 72 {6, 1-8 éves gyermek koponya-CT-
felvételét elemezve megmérjiik a koponyacsont vastagsagat az implantaitum betiltetésének idedlis lokalizacijaban.
Eredmények: Az implanticiok atlag 30 perces miitéti id6vel torténtek. Intra- és posztoperativ szovédményt nem
észleltiink. A beszédprocesszorokat a negyedik héten illesztettiik. Audioldgiai eredményekben 51,58 + 11,22 SD
dBHL hallasteljesitmény, valamint 43,3 + 16,02 SD dB beszédhalldskiiszob-javuldst értiink el. A koponyacsont-vas-
tagsag dtlagosan 3,39 = 1,05 SDmm-nek adédott. Kivetkeztetés: A Baha® Attract Gj lehet8ség a fiatalkori hallasreha-
biliticibban. Az implanticiét megel6z8Een javasolt a koponyardl CT-vizsgalatot végezni, amellyel megéllapithatd a
csont vastagsaga ¢és megtervezhet$ az implantitum betiltetésének optimalis helye. Orv. Hetil., 2017, 158(8), 304—

310.

Kulcsszavak: Baha® Attract, csontvezetés, transcutan, gyermekkori alkalmazas

Pediatric hearing rehabilitation with the Baha® Attract implant system

Introduction: Baha® Attract is a new transcutaneous bone-conduction hearing aid, which is more preferable in child-
hood than the conventional percutaneous systems. Azm: Our aim was to demonstrate the possibilities of application
in childhood. Method: Eight children have undergone surgeries (mean age of 13,2+3,2 years; “posterosuperior” inci-
sion technique, 5 mm implants). The thickness of the skull bone was determined in 72 children (1-8 years old) at the
recommended implant site, based on CT scans. Resuits: The average duration of surgeries was 30 minutes. There
were no intra- and postoperative complications observed. Sound processors were fitted at the postoperative 4" week.
Hearing measurements proved 51.58+11.22SD dBHL gain in warble tone thresholds, and 43,3+16,02SD dB in
speech discrimination thresholds. The skull bone thickness was measured as 3,39+1,058D mm. Conclusion: The Baha
Attract system is a new tool for hearing rehabilitation in pediatric population. Preoperative CT provides valuable

knowledge about skull bone thickness.

Keywords: Baha® Attract, bone conduction, transcutancous, childhood application

Posta, B., Jarabin, J. A., Perényi, A., Bere, Zs., Neagos, A., Toth, F, Kiss, J. G., Rovd, L. [Pediatric hearing rehabilita-
tion with the Baha® Attract implant system]. Orv. Hetil., 2017, 158(8), 304-310.

(Beérkezett: 2016. november 25.; elfogadva: 2017. janudr 2.)

A kils6 és kozépfiil velesziiletett, valamint szerzett, ve-
zetéses, illetve kevert hallascsokkenéssel jaré korképei-
nek modern fiilsebészeti megkozelitése az esetek donté
tobbségében jé eredményt adhat, azonban a hallds md-

téti javitdsa nem mindig biztositja az elvart eredményt.
Ezen esetek egy részében a hagyominyos légvezetéses
halldsjavité késziilékek sem alkalmazhatéak. Ekkor mertil
fel a csontvezetéses hallasjavitd késziilékek alkalmazasa,

DOI: 10.1556/650.2017.30675 m 2017 = 158. évfolyam, 8. szam = 304-310.



amelyek klasszikus képvisel6i a szemiivegszarba épitett

késziilékek. A kés6bb bekovetkezett paradigmavaltas

alapjit, azaz, hogy a csontvibritor kozvetlentil a kopo-
nyahoz horgonyozva tovibbitson rezgési energiat, Per

Ingvar Branemark professzor titiniumimplantitum os-

seointegraciordl tett megfigyelései adtak az 1950-es

években [1]. Az els§ direkt csontvezetéses hallokésziilék

(Baha® Connect implantitum) beiiltetése 6ta, amelyet

1977-ben Tjellstrim professzor végzett el, mir tobb mint

150 000 implantacio tortént vildgszerte [2]. Nemzetko-

zi viszonylatban az els6 gyermekkori implanticié 1983-

ban tortént, mig az elsé magyarorszagi Baha-implantici-

o6t 2003 nyarin Katona Gabor professzor végezte

Budapesten a Heim Pal Gyermekkérhazban [3].

A (részben) implantilhaté csontvezetéses halldsjavitd
rendszerek aundioldgini indikicioi o kovetkezok [4]:

1. tisztan vezetéses jelleydi halliscsokkenések, ahol a
csont-lég koz meghaladja a 30 dBHL-t;

2. domindloan vezetéses karakterd, de percepciés kom-
ponenssel is rendelkez8, kevert tipusi hallasvesztések,
ahol a csont-1ég koz szintén meghaladja a 30 dBHL-t,
de a percepcios kiiszob is érintett.

A beszédfrekvencidk (500-1000-2000-3000 Hz) at-
lagaban mért percepcios kiiszobnek megfeleléen kiilon-
boz6 erdsitési beszédprocesszorok kozil vilaszthatunk:

a) <45 dBHL csontvezetéses kiiszob — Baha 4-es/5-0s

beszédprocesszor;

b) <55 dBHL csontvezetéses kiiszob — Baha BP110/

Baha Power;
¢) <65 dBHL csontvezetéses kiiszob — Baha Cordelle
II/Baha Super Power.

3 féloldali halldsvesztés: A féloldali hallasvesztés patold-
gids dllapot, amelyben az egyik oldali fiil halliscsokke-
nése funkciondilis szempontbol nem javithato a hagyo-
manyos erésitési modszerekkel, mig az ellenoldali fil
halldsteljesitménye ép, azaz a vizsgdlt 0,25-0,5-1-2—
3 kHz tartomanyban a halldskiiszob nem haladja meg
a 20 dBHL kiiszobszintet.

Klinikopatologini szempontok

Az cl8bbi beosztast kovetve az 1-es és 2-es csoportba sorol-
hat6éak a hagyomanyos mikrosebészeti eljarasokkal nem
rekonstrudlhat6 krénikus otitisek, illetve végstadiumaik,
valamint a kiilonboz8 velesziiletett, szerzett kiilsG- és
kozéptil-malformdcidk, koztiik szimos szindrémads ere-
detd, csupan részben audiol6giai rehabilitaciot igényld
korkép (példaul Treacher—Collins-szindréma) [5].
Szdmos korfolyamat szevepelhet a nagy-, sulyos fokn félol-
dali sensovinenralis halldscsokkenés hatterében: (1) hirte-
len kialakult; (2) ismeretlen eredet; (3) malignus folya-
mat; (4) joéindulata kisagy-hid szogleti térfoglald
folyamat (Ggymint vestibularis schwannoma); (5)
demyelinisatiés kérképek (példaul sclerosis multiplex);
(6) vertebrobasilaris stroke; (7) akusztikus trauma;
(8) koponyasériilés (példdul temporalis csont harantira-
nya fracturdi); (9) perilymphafistula; (10) ototoxicus

EREDETI KOZLEMENY

gyogyszerhatds; (11) labyrinthitis; (12) Meniere-
betegség; (13) autoimmun kérfolyamat (példaul Cogan-
szindroma, Wegener-granulomatosis, lupus, Takayasu-
arteritis, szisztémas sclerosis, valamint egyéb autoimmun
reumatologiai betegségek stb.) [6].

Rebabiliticios szempontok

Az I-es csoport esetében a terdpids cél a hangvezetd rend-
szer zavarabol adodé vezetéses komponens megkeriilése,
azaz funkciondlisan a csont-1ég koz zdrdsa.

A minimalis hangerdsitést igénylS 2-es csoporthoz tar-
tozé esetekben a percepciés komponens korrekcidja
szintén fontos feladatunk, amelyet a kiilonb6z§ beszéd-
processzorok megvilasztasaval optimalizalhatunk.

Mivel a beszéd informaciotartalma jelentés mértékben
a felharmonikusokban kédolt, igy a fejet megkeriils és
ekozben gyengiil6 magas frekvenciaja domén érintettsé-
ge jol érzékelhetd beszédmegértés-romlishoz vezet fél-
oldali hallasvesztésben. A hasznos auditoros jelek tovab-
bitasa a fej fizikailag ellentétes oldalara (Baha altal
biztositott csontvezetéses athallas Gtjan) nem rehabilital-
ja a beteg térbeli halldsit, hanglokaliziciés képességét,
csupan a fej drnyékolbhatisat igyekszik kikiiszobolni.
Eppen ezért ez utébbi indikciés korben jelenleg szintén
koncepciéviltis zajlik, egyre hangstlyozva a cochlearis
implantatumok valédi binauralis hallast visszaadd szere-
pének fontossigat.

1977-ben tortént bevezetése 6ta a direkt csontveze-
tést alkalmazdé rendszerek kiillonboz6, moédositott percu-
tan abutment kapcsolaton keresztiil valésitottik meg az
implantitumcsavar és a beszédprocesszor kapcsolatit
(Ggynevezett Baha Connect rendszerek) (1. A) dbra).

A klasszikus, jol megalapozott implanticios sebészi
technikdkat a lagyrész-redukcié mellett kiilonb6z8 bér-
lebenyek alkalmazasa jellemezte. A lagyrész-redukcid
egy stabil, immobilis epidermisszel fedett csontfelszin
kialakitasat tette lehetGvé az implantatum koriili tertile-
ten, amelynek célja a posztoperativ szévédmények csok-
kentése volt [7].

Ezen lagyrész-szov6dmények el6fordulasi gyakorisa-
ganak csokkentését tiizték ki célul a késébbi technikai
fejlesztések, amelyek egyarant jelentették az implanti-
tumcsavar felszinének modositdsat, valamint az abut-
ment fizikai formajanak Gjratervezését [8]. Ezek kovet-
keztében lerovidiilt az implantatum elsé megterhelésének
lehetséges ideje, valamint csokkent a posztoperativ id6-
szakban el6fordulé lagyrész-szovédmények el6fordu-
lasa.

A kés6bbi, nagy esetszdmon elvégzett, fiiggetlen fel-
mérések valtozé incidenciaja, kiillonbozé sulyossagu pe-
riimplant szovédmények eléforduldsat tartak fel, ame-
lyek koziil kiemelend$ az implantaitum koriili szévetek
gyulladisa, illetve a kornyezd bdr/ligyrész talnovése
[9]. Emellett a percutan rendszerek esetében alkalma-
zott abutmentet ért oldaliranyt fizikai er6behatds a rela-
tive nagy er6kar miatt az implantitum csontos rogziilé-
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1. abra

sének fracturijihoz vezethet, amely az implantitum
clvesztését okozhatja. Mindezek miatt a paciensek, f6leg
gyerekkortiak esetében, gyakoribb dpolast és szorosabb
obszervaciot igényelnek. A Connect rendszerek tovabbi
hdtranyat az esztétikai szempontok jelentették [10].

A koncepcidvaltast a lagyrészeken at, magneses Gton
megvalosulé  vibraciés energiatovabbitds jelentette,
amely megsziintetve a bért permanensen penetralo, tita-
niumabutment jelenlétét, minimalizalta, csaknem kikd-
szObolte a lagyrész-komplikaciok és az azokbodl eredd
jarulékos hitranyok el6forduldsat.

Szamos uttord kisérlet, majd tovabbi fejlesztés el6zte
meg a legjabb, immdaron transcutan rendszer, a Baha®
Attract megjelenését. Ez, hasonldéan a kordbbiakhoz,
a BI300 implant komponensre épiilt, ugyanakkor az
abutment funkciéjit egy magneses korong helyettesiti,
amely az implantitumcsavarhoz egy pontban rogziil a
bdr alatt [11]. Ezen tulajdonsagai miatt gyerekkori alkal-
mazdsa jelentSs el6nyokkel birhat. Reinfeldt és misai

1. tablazat | Implantilt betegeink részletes adatai

Beteg Eletkor Diagnozis Implantalt Beszédprocesszor
(év) oldal
1. 15,1  Atresia et microtia Bal BP100
L.s.
17,1 SSD L. s. Bal BP100
3. 154 Treacher—Collins-  Bal BP100
szindréma
4. 11,5 Atresia l. s. Bal BP100
5. 11,6 SSD L. Bal Baha4
6. 13,2 COM Bal Baha5
7. 14,8 COM Jobb Baha5
8. 7,0 Atresia et microtia  Jobb BP100

l.s.

COM = otitis media chronica; SSD = (single-sided deafness) féloldali
siketség.

| Baha Connect (A) és Attract (B) rendszerek (Copyright © 2016 Cochlear Ltd. Minden jog fenntartva. Engedéllyel dtvéve)

osszetoglaldja alapjan ezek az 0 rendszerek feloszthatok
ugynevezett aktiv (transzducer implantalva) és passziv
(mignes implantdlva) transcutan implantitumokra [1].
EI&bbi aktiv tipustak kozé tartozik a MED-EL® Bone-
bridge™, amelynek serdiil6kori alkalmazdsirél és ered-
ményeir§l hazai viszonylatban részletesen beszamolt
Katona Gabor professzor [12, 13]. A passziv implantatu-
mok kozé sorolhaté a Sophono® (Sophono Inc. owned
by Medtronic, Amerikai Egyesiilt Allamok) késziilék,
illetve a Baha Attract (Cochlear Ltd., Ausztrilia) implan-
titum. Az utébbi bemutatdsira 2013-ban keriilt sor
(1. B) abra).

Az implantatumok gyerekkori alkalmazasanak kritéri-
umai, egyes orszagonként viltozva, a minimum Otéves
életkor és/vagy 3 millimétert meghalad6 koponyacsont-
vastagsig [14]. Hazai és nemzetkozi viszonylatban is
nagy oromiinkre szolgilt, hogy a Baha Attract ,,closed-
market release” bevezetésére klinikinkon Kkertlhetett
sor. Jelen tanulmanyunk célja, hogy bemutassuk a Baha
Attract rendszerrel fiatalkorban szerzett sebészi, vala-
mint audioldgiai tapasztalatainkat.

Mobdszer

Klinikdnkon 6sszesen 35 {6 Baha Attract implanticiéjat
végeztiik el, amelybdl nyolc esetben a paciens fiatalkora
volt (1. tablizat). A betegek atlagéletkora 13,2 + 3.2 év
volt (7 és 17 év kozott), a fiti és lany arany 6:2 volt. Rész-
letes betegadatainkat az 1. tdblizatban tintettik fel.
A vizsgilatba bevontak koziil egy beteg miitétjét (8. be-
teg) kiilfoldi centrumban, szakmai egytittmikodés kere-
tein beliil végezték.

A mitéteket a betegek életkora miatt kivétel nélkiil
intratrachealis narkézisban végeztiik. A hivatalosan ajan-
lott, 8-9 cm hossztsagu, ,,C alak” retrosupraauricularis
metszés [ 15] helyett minden mdtét esetében a klinikdn-
kon megtervezett, 3—4 cm-re leroviditett, ,,modositott
posterosuperior” metszést alkalmaztuk (2. abra). El6ze-
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2. dbra Baha Attract implanticié mitéti képei. A) Implantitumagy kialakitdsa faréval. B) A kialakitott implantaitumdgy mélységének ellenbrzése. C) Az im-
plantitum behelyezése. D) Rogzitjiik a belsé mdgneskorongot az implantitum felszinén

tes anatomiai, cadaverszektoranalizis-vizsgalataink alap-
jan a fontosabb ér- és idegképletek sérilése igy a leg-
nagyobb valészintséggel eclkeriilhetévé valik [16]. A
mutéteket 5 mm-es implantitummal végeztiik. A bete-
gek kovetési ideje minimum hat honap volt. A beszéd-
processzorokat a posztoperativ negyedik héten illesztet-
tik. A rehabiliticiét biztositd beszédprocesszorok
megoszlasa az 1. tablazatban lithaté.

Audiometriai vizsgalatok késziiltek mind a preopera-
tiv, mind a posztoperativ id&szakban, nem rehabilitalt,
illetve rehabilitilt statuszban. A vizsgalatba bevont ala-
nyok mindegyike jol kooperalt a tisztahang-kiiszob, vala-
mint a szabad hangtérben elvégzett tigynevezett ,,warble
tone” vizsgalatokhoz. Az 1. tablizat 8. betege életkord-
bol adéddan nem adott megbizhato vilaszokat a beszéd-
audiometriai vizsgalatok szamprébaihoz.

A beteganyag életkori sajatossigabdl adodik, hogy
meghatarozé szemponttd valik a koponyacsont vastagsa-
ga. Tanulmanyunkat igy egy klinikoradiol6giai mérésso-
rozattal egészitettiik ki, amelyben 72 {6, 1-8 éves gyer-
mek koponyacsont-vastagsagat mértilk meg a Baha
implantitumecsavar javasolt betiltetési helyének megfele-
16 lokalizacidjaban. Vizsgalatainkhoz nativ koponya-CT-
felvételeket hasznaltunk, a lagyrész- és csontvastagsigo-
kat GEPACS értékel6/clemzé radiolégiai szoftverrel
mértik meg (3. dbra).

3. abra Nativ koponya-CT-felvételen GEPACS szoftver alkalmazasaval
megmérjik a ligyrész- és csontvastagsigokat
/
Eredmények

A miitéteket két esetben jobb, mig hat esetben bal olda-
lon végeztik. Az implantitumcsavar és a belsé magneses
interface behelyezésére minden egyes esetben egy 1épés-
ben kerilt sor. A mttéti id§ atlagosan 30 perc volt.
Lagyrész-redukcio, valamint a corticalis csont elvékonyi-
tdsa egy esetben sem vilt sziikségessé. A kis mennyiség
intraoperativ vérzéseket bipoldris eszkozzel sziintettiik
meg. A hétéves paciens (1. tablizat, 8. beteg) esetében
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4. ibra Az 1. csoport audiolégiai eredményei

AC = légvezetéses hallaskiiszob; BC = csontvezetéses halldskii-
sz6b; AIDED = Baha halldsjavité rendszert viselve.

A preoperativ (ACpreop) és a posztoperativ (ACpostop) légve-
zetéses halldskiiszob megegyezik, ezért az dbrin egymast atfe-
dden dbrazolédnak.

A mitét elStti csontvezetéses kiiszob és a Baha implantitum
rendszerrel mért posztoperativ halldskiiszob szintén egymadst
atfedGen dbrizolodik, amely igazolja a miitét sordn megvaldsult
teljes csont-1ég koz zarddast, azaz a terdpids hatdsossigot

az implantdtumfurat kialakitdsa soran a dura mater lat6-
térbe keriilt, igy az implantitumot csak részlegesen he-
lyeztiikk be, elkeriilve a dura mater-implantitumcsavar
direkt kontaktusit. Az intra- és posztoperativ id@szak
minden esetben eseménytelentl zajlott. Szovédményt,
sebgyogyuldsi zavart nem észleltiink.

Audiologini evedmenyek

Az audiometriai eredményeket a mdtétek eltéré indika-
ciéi alapjan kiilon-kiilon értékeltikk. Az I. csoportba
(n = 6) soroltuk az egy- (n = 3) vagy kétoldali (n = 3)
vezetéses, illetve kevert jellegl halldscsokkenés diagné-
zissal operalt egyéneket. Szabad hangteres vizsgalataik
soran, féloldali hallascsokkenés esetén, a jol hallé cont-
ralateralis fiilet filldugoval, illetve fiiltokkal maszkoltuk.
Az igy kapott eredményeket egytitt elemeztiik a kétolda-

Csontvastagsag (mm)

Eletkor (év)
6. dbra
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5. dbra A II. csoport audiolégiai eredményei
AC = légvezetéses hallaskiiszob; BC = csontvezetéses halldskii-
sz6b; AIDED = Baha halldsjavité rendszert viselve.
A preoperativ (ACpreop) és a posztoperativ (ACpostop) 1égve-
zetéses halldskiiszob megegyezik, ezért az dbrin egymadst atfe-
déen dbrazolédnak

li hallascsokkenésben szenvedd betegek implantalt fiilé-
nek mérési eredményeivel (4. abra). Ebben a csoportban
a beszédfrekvencidkon mért hallasteljesitmény-javulds
dtlagosan 51,58 + 11,22 SD dBHL volt. A beszédhallds-
kiiszob ennek megfelel6en atlagosan 43,3 + 16,02 SD
dB-lel javult.

Ezzel szemben kiilon csoportot alkottak (II. csoport)
a féloldali siketség (SSD) specidlis indikacidjaval operalt
betegek (n = 2). Itt a mdtét dltal nyajtott valddi hallastel-
jesitmény-javulas objektiv értékelése nehézkes, hiszen
csak egyetlen jol m(ikddé cochledval szimolhatunk. Igy
a szabad hangteres vizsgdlataik soran a jol hallé ellenol-
dali filet nincs értelme maszkolnunk. A hallaskiiszob-
ben, tovabba a beszédhallaskiiszobben elért javulas tehdt
eltdlozza a rehabiliticiés eredményt. Helyesebb, ha a
beteg szubjektiv visszajelzéseit figyelembe véve értékel-
jik a mttét sikerét, ugyanis az csak a fej fizikai két olda-
lardl allitja helyre a hangok percepcidjanak lehetSségét,
amelyet jelent8sen karosit a fej drnyékol6hatdsa (tigyne-
vezett head shadow effect) (5. dbra).

Eletkor (év)

| Nativ koponya-CT-vizsgalat axidlis szeletein mért lagyrész- és csontvastagsigok
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Klinikoradiologini evedmények

A csontvastagsig-vizsgalatba bevont 72 gyermek atlagos
koponyacsont-vastagsiga a CT-vizsgalat axialis szeletein
mérve dtlagosan 3,39 = 1,05 SD mm volt (6. dbra). Az
eredményeket felnGttkortt betegek anyagaval Osszeha-
sonlitva szignifikins eltérést taldlunk (6,33 + 0,64 SD
mm).

Megbeszélés

Tapasztalataink alapjan a Baha Attract rendszer bizton-
saggal és jo funkciondlis eredményekkel alkalmazhaté
fiatal-, valamint felnSttkorban egyardnt. Audioldgiai
eredményeink kiemelkedGen j6 rehabilitacios hatékony-
sagrol adtak tanubizonysigot. Az altalunk elért
51,58 + 11,22 SD dBHL hallasteljesitmény, valamint
43,3 + 16,02 SD dB beszédhallaskiiszob atlagos javulasa
megegyezik a nemzetkozi irodalomban fellelheté ada-
tokkal [17, 18].

A csonthoz horgonyzott halldsjavité implantitum-
rendszerek gyermekkori alkalmazasinak feltétele a betol-
tott minimum Otéves életkor és/vagy a 3 millimétert
meghalad6 koponyacsont-vastagsig. Az életkori sajatos-
sagokat figyelembe véve, mint példdul a csontozat maga-
sabb viz- és alacsonyabb dsvinyianyag-tartalma, otéves
kor alatt bizonytalan, legtobbszor elégtelen az osseoin-
tegricio folyamata. Ez szignifikins mértékben megnove-
li az implantitum elvesztésének esélyét, amelyet szimos
tanulmdny igazolt. Roman és mtsai Gsszefoglaldjukban
atlagosan 40%-ra becsiilik az implantatumvesztés elGfor-
duldsat az otéves kor alatti gyermekek populdcidjaban.
Az ot és tiz év kozotti gyermekeknél ez az érték mar
csupan 8%. Tizéves kor felett mar a felnSttpopuliciéban
mért 1% koriili értékeket kapjuk [5].

Egyes szerz6k ugynevezett ,sleeper” Baha implanti-
tumok egyidejd betiltetését is javasoljak, hogy az esetle-
gesen bekovetkezd osseointegracids zavar vagy késGbbi
traumds implantitumvesztés esetén miel6bb biztositani
lehessen a hallas rehabilitdciéjat [19, 20]. Sajit beteg-
anyagunkban ezt nem lattuk indokoltnak, mivel az atlag-
¢életkor szerint alakulé szovédményrata esetiinkben mér
elérte a felndSttpopulacioban varhaté értéket (13,2
+ 3,2 év; 6 és 17 év kozott). A vizsgilatba bevont esetek
populacios életkoratlagatdl jelentSsen eltérd 8. betegnél
(1. tablazat) a mitét kozben észlelt j6 csontszerkezet
miatt nem merdlt fel sleeper implant behelyezése.

Amonoo-Kunofi és mtsai tanulmanyukban 24 {6 6t év
alatti gyermek adatait kozolték, akik Baha Connect im-
plantatumrendszert kaptak. Eredményeik alapjan a bete-
gek 50%-dban minor (bdrirriticid, fert6zés), valamint
42%-4ban major komplikiciok (szoveti talnovés, trau-
ma) jelentkeztek. Beteganyagukban hirom {6 esetében
tapasztaltak implantitumvesztést [21]. Kraai és mtsai
44%-ban talaltak stlyos szovédményt. Harom esetben
traumds implantitumvesztés tortént, mig az abutment
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eltavolitasa szintén harom esetben valt sziikségessé (n =
31, atlagéletkor 8,2 év, 23 honap—16,8 év) [22].

A Baha Connect rendszerek esetében, gyerekkorban
az osseointegracié mellett, tovibbi meghatiroz6 ténye-
zG6 a bérhigiénia, amely miatt a sziil6k részérdl folyama-
tos figyelmet és napi apolast igényel. Az esetleges trauma
kapcsan haté oldaliranyt erék forgatonyomatéka a relati-
ve hosszabb er6kar miatt fokozott kockazatot jelent
Connect rendszereknél, amely tiikr6z6dik a statisztikai
eredményekben is. Ezen szempontokat figyelembe véve,
az Attract implantitumrendszerek nem igényelnek
posztoperativ gondozast, valamint esetiikben a percutan
abutmentet helyettesit§ magneses interface rejtett, vé-
dett helyzete, a potencidlisan kisebb forgatonyomaték
mellett jelent&sen csokken a poszttraumds implantitum-
vesztés esélye.

Az implanticié sikerességében tovabbi fontos szem-
pont a koponyacsont és a lagyrészek megfelel$ vastagsa-
ga. Tanulmanyunkban felhasznalt CT-felvételek alapjin
jol lathaté, hogy a mért koponyacsont- és ligyrész-vas-
tagsigok egyes esetekben jelentésen elmaradhatnak a
populiciés atlagtél, akir még otéves életkor felett is.
Granstrom (2000, n = 129) jelentds esetszamot vizsgalod
tanulmanydban 45%-ban taldlta érintettnek implanticié
sordn a dura matert, a sinus sigmoideust vagy a mastoid
cellulakat, amely véleményiik szerint 6,2%-ban legalibb
részben magyarazta az implantacié sikertelenségét [23].
Ezért hasznosnak tartjuk az implanticiét megel6z6 ko-
ponya-CT-vizsgalat elvégzését, lehetSleg cone beam
CT- (CBCT-) technoldgiit alkalmazva, amellyel lehetd-
vé valik a rontgensugar dozisinak mérséklése. E techni-
kakkal jol demonstrilhaté a koponyacsont és a lagyré-
szek vastagsiga, tovaibbd megtervezhet$ az implantitum
betiltetésének optimalis helye [24].

Mtéti beavatkozdsaink sordn az alkalmazott médosi-
tott posterosuperior metszés szignifikins mértékben
csokkentette mind az intraoperativ vérzések el6fordulasi
gyakorisagat, mértékét, tovabba gyorsitotta, javitotta a
posztoperativ sebgyégyulas folyamatit. El§zetes anaté-
miai, cadaver-szektoranalizises vizsgalataink alapjan igy
elkeriilhet6vé valt a fontosabb ér- és idegképletek iatro-
gén sériilése. Ezdltal az implantitum feletti bdrlebeny
vitalitdsa javult, valamint jelent&sen csokkent az operdlt
teriilet bérének érzéketlensége [16]. Ez 6sszhangban
van korabbi megfigyelésiinkkel, amelyben a periimplant
tertiilet vascularis, illetve neuralis integritisinak meg&rzé-
sét kiemelten fontos tényezének taldltuk a posztoperativ
sebgyogyulis folyamatiban. A lagyrészek invaziv sebészi
beavatkozasait kovetSen sériil a mikrocirkulacios rezerv
kapacitas, amely posztoperativ szovédmények forrasa le-

het [25].

Kovetkeztetés

A Baha Attract rendszer megbizhatéan, j6 funkcionalis
eredménnyel hasznalhaté gyermekek, illetve fiatalkortak
esctében. Ugyanakkor dltala jelent&sen csokkenthets a
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specialis életkori sajitossagokbdl ad6dd szovédmények
el6fordulasa. Kivalo rehabiliticios hatékonysiggal, egyre
béviils indikacids teriileten biztositja az életmindség ja-
vuldsat fiatal gyermekkorban is.

Anyagi tamogatds: A kozlemény megirasa, illetve a kap-
csolodd kutatébmunka anyagi timogatasban nem része-
stlt.

Szerzoi munkamegosztds: P. B.: A radiologiai elemzések
elvégzése, a kézirat megszovegezése. J. J. A.: Az audiol6-
giai vizsgalatok lefolytatdsa, az eredmények értékelése,
a kézirat megszovegezése. P. A.: A radioldgiai elemzések
clvégzése. B. Zs.: Miitétek elvégzése, statisztikai elemzés.
A. N.: Mitétek elvégzése. T. F.: Beszédprocesszorok
pszichoakusztikai programozisa. K. J. G.: A hipotézisek
kidolgozdsa, audioldgiai elemzés. R. L.: A hipotézisek ki-
dolgozasa, miitétek elvégzése. A cikk végleges valtozatat
valamennyi szerzé elolvasta és jovahagyta.

Erdekeltségek: A szerz6knek nincsenek érdekeltségeik.

Ko6szonetnyilvanitas

A szerz6k koszonetiiket fejezik ki a vizsgalatokban részt vevé audiolo-
gai szakasszisztenseknek.
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Bevezetés: Korai cochlearis implantacio révén a prelingualis siketek a hallé tarsadalom
teljes érték( tagjaiva valhatnak. A korai diagnosztika széles kdrben elérhetd és
megteremti a korai cochlearis implantacié lehetéségét, mégis gyakran a fiatal életkorra
hivatkozva késébbre kerll a mitét idépontja. Célkitlizés: Célunk volt, hogy
meghatarozzuk a gyermek és a felnétt halantékcsont cochlearis implantacioé
szempontjabol relevans anatémiai paramétereit és kiilénbségeit, valamint az anatémiai
valtozas hatasat a mtéti technikara és a mtét idépontjara. Médszer: Irodalmi
kutatbmunkaval és sajat beteganyagunkon felmértiik a cochlearis implantatum belsé
elektronikai egységének és aktiv elektrodajanak betltetése soran leginkabb relevans
méreteket: a halantékcsont nagy felbontasu komputer tomografias képein mértik a
halantékcsont squamajanak vastagsagat, a mastoid liregrendszer dimenziéit és a
recessus facialis méreteit. Eredmények: Felmérésiink alapjan gyermekeknél
szignifikansan vékonyabbnak bizonyult a koponyacsont és a lagyrész, fejletlen a
mastoid liregrendszer, ugyanakkor nincs szignifikans kildnbség a recessus facialis
méretében. Kévetkeztetések: Erdemes modern, vékony implantatumot valasztani,
amelyet nem kell csontagyba siillyeszteni. A kerek ablak jol vizualizalhaté csecsemdk
fejletlen mastoid Uregrendszerének feltarasa altal, ami kevesebb csontmunkat igényel,
igy gyorsabb és kiméletesebb lehet a mitét. Az alacsony életkor sajatossagai
Ovatossagra intik a flilsebészt, de nem kell a fontos képletek sériilésének nagyobb
kockazatatdl tartania.

Introduction: Early cochlear implantation enables prelingual deaf individuals to become
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full members of the hearing society. Although early diagnostics are widely accessible
and enable early rehabilitation, implant surgery often may be delayed due to a
candidate’s young age. Objectives: The authors’ objectives were to determine the
anatomical parameters of the pediatric and adult temporal bone that are relevant to
cochlear implantation and to ascertain the differences between them in order to assess
whether the anatomical differences could influence the surgical technique and the
timing of surgery. Methods: Along with a survey of the literature, findings from the
authors own cochlear implantees were assessed with respect to the most relevant
dimensions of the internal electronic package, including the stimulating electrode of the
cochlear implant, by measuring the squama of the temporal bone, the mastoid cavity
and the facial recess on high resolution computed tomographic images. Results: The
skull and the overlying soft tissues proved to be thinner and the mastoid cavity was
less developed in children than in adults, while no significant changes were noted in
the size of the facial recess. Conclusion: It is recommended to choose modern, thin
implants that do not require sinking the implant package into a bone bed. Less bone
work in infants and children enables excellent visualization of the round window
through the underdeveloped mastoid cavity, which makes the procedure less time-
consuming and minimally invasive. Indeed, a young age should alert ear surgeons to
be cautious, but no higher risk of injury to important structures is predicted for young
subjects than those that might occur in adults.
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Az emberi halantékcsont csecsemd- és kisgyermekkori cochleéris implantacié szempontjabol

kiemelkedden fontos dimenzidi — Klinikoradiologiai vizsgalat
OSSZEFOGLALAS

Bevezetés: Korai cochlearis implantacio révén a prelingualis (beszéd kialakulasa el6tti) siketek
a hall¢6 tarsadalom teljes értékii tagjaiva valhatnak. A korai diagnosztika széles korben elérhetd
¢s megteremti a korai cochlearis implantacio lehetdségét, mégis gyakran a fiatal életkorra
hivatkozva késébbre keriil a miitét idopontja. Célkitiizés: Célunk volt, hogy meghatarozzuk a
gyermek ¢€s a felndtt halantékcsont cochledris implantacid szempontjabol relevans anatomiai
paramétereit és kiilonbségeit, valamint ezek hatasat a miitéti technikara és a miitét idépontjara.
Modszer: Irodalmi kutatdmunkaval és sajat beteganyagunkon felmértik a cochlearis
implantatum belso elektronikai egységének és aktiv elektroddjanak betiltetése soran leginkabb
relevans méreteket: a halantékcsont nagy felbontast komputer tomografids képein megmértiik
a halantékcsont squamajanak vastagsagat, és meghataroztuk a mastoid iiregrendszer dimenzioit
¢s a recessus facialis méreteit. Eredmények: Felmérésiink alapjan gyermekeknél szignifikdnsan
vékonyabbnak bizonyult a koponyacsont és a lagyrész, fejletlen a mastoid iiregrendszer,
ugyanakkor nincs szignifikans kiilonbség a recessus facialis méretében. Kdovetkeztetések:
Csecsem06- ¢és gyermekkori miitétek alkalméval érdemes modern, vékony implantatumot
valasztani, amelyet nem kell csontagyba siillyeszteni. A kerek ablak kivaloan vizualizalhato a
csecsemOk fejletlen mastoid liregrendszerének feltarasa altal, ami kevesebb csontmunkat
igényel, igy gyorsabb ¢és kiméletesebb lehet a miitét. Az alacsony életkor sajatossagai
Ovatossagra intik a fiilsebészt, de nem kell a fontos képletek sériilésének nagyobb kockéazatatol

tartania.

Kulcsszavak: siketség, cochledris implantatum; bilateralis cochlearis implantacid; minimalisan

invaziv sebészet; halantékcsont méretei, recessus facialis

L]
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Dimensions of the human temporal bone that are relevant to cochlear implantation surgery in

infants and toddlers — A clinical-radiological study
SUMMARY

Introduction: Early cochlear implantation enables prelingual deaf individuals to become full
members of the hearing society. Although early diagnostics are widely accessible and enable
early rehabilitation, implant surgery often may be delayed due to a candidate’s young age.
Objectives: The authors’ objectives were to determine the anatomical parameters of the
pediatric and adult temporal bone that are relevant to cochlear implantation and to ascertain the
differences between them in order to assess whether the anatomical differences could influence
the surgical technique and the timing of surgery. Methods: Along with a survey of the literature,
findings from the authors own cochlear implantees were assessed with respect to the most
relevant dimensions of the internal electronic package, including the stimulating electrode of
the cochlear implant, by measuring the squama of the temporal bone, the mastoid cavity and
the facial recess on high resolution computed tomographic images. Results: The skull and the
overlying soft tissues proved to be thinner and the mastoid cavity was less developed in children
than in adults, while no significant changes were noted in the size of the facial recess.
Conclusion: It is recommended to choose modern, thin implants that do not require sinking the
implant package into a bone bed. Less bone work in infants and children enables excellent
visualization of the round window through the underdeveloped mastoid cavity, which makes
the procedure less time-consuming and minimally invasive. Indeed, a young age should alert
ear surgeons to be cautious, but no higher risk of injury to important structures is predicted for

young subjects than those that might occur in adults.

Keywords: deafness, cochlear implant, bilateral cochlear implantation, minimal invasive

surgery, measurements on temporal bone, facial recess
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ROVIDITESEK JEGYZEKE
ASSR

BERA

CT

DPOAE

auditory steady state response
brainstem evoked response audiometry
computed tomography, komputer tomografia

distortion product otoacoustic emission
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Bevezetés

Siket, illetve sulyosan hallassériilt csecsemok és kisgyermekek korai cochlearis implantacioval
teljesen (re)habilitalhatok : elérhetd, hogy elkertiljiik a beszédfejlodésiikben bekovetkezo késést
vagy lehetdvé tehetjiik az ép hall6 kortarsakhoz vald gyors felzarkozast [1; 2]. Megfeleld hallas
¢és beszédmegértés hianyaban azonban torvényszertien sulyos hallascsokkenésiik, siketségiik
miatt beszéddel torténd kommunikaciora képtelenekké valnak. A korai eredményes
rehabilitacié alapja az a megfigyelés, hogy a hallassal kapcsolatos effektoros szinaptikus
kapcsolatok és neuralis projekciok haldzata (in. connectoma) kb. 1,5-2 éves életkorra kialakul
[2]. Az tjsziilottek altalanos objektiv halldssziirése — amely hazdnkban 2015 szeptemberétdl
kotelezo [3] — felgyorsitotta a diagnosztikat, igy koran kiszlirhetok a hallassériiltek. Az ezt
kovetd, nagy specificitasu és szenzitivitasu objektiv audiologiai vizsgalatok (ASSR, DPOAE
¢s BERA) biztositjak a pontos diagnézist. Stilyos foku halldscsokkenés és anacusis esetén —
amikor jol bedllitott, nagy teljesitményti hallokésziilékkel sem érheté el megfeleld
beszédfejlodés — cochlearis implantatum betiltetése lehet indokolt [4], melyet Magyarorszagon
négy egyetemi klinikai kdozpontban (Budapesten, Debrecenben, Pécsen és Szegeden) végziink.
Képalkot6 vizsgalatok (a halantékcsont nagy felbontasu komputer tomografias vizsgalata vagy
cone-beam komputer tomografia és az un. belséfiil-protokoll szerint elvégzett magneses
rezonancids képalkotd vizsgalatok) segitségével allapitjuk meg, hogy az adott paciens
anatomiai statusza lehetové teszi-e a beavatkozés elvégzését [5, 6]. Akar 6 honapos korra
befejezddhet a diagnosztikai sor [ 7], mégis késobbi idépontra keriilhet a cochlearis implantatum
beiiltetése, aminek oka az alacsony életkor miatt felmeriil¢ 4ltaldnos aneszteziolodgiai
aggalyokban (vérveszteség mértéke, kihiilés, talheviilés lehetdsége, a hossza miitéti ido, rejtett
betegségek) [8], valamint egyes fiilsebészek abbéli aggodalmaban keresendd, hogy a cochleéris
implantdcié bonyolultabb miivelet lehet a gyermek populacidoban a felndtteken végzett
beavatkozashoz képest. Alig talalunk azonban olyan adatot a szakirodalomban, amely ez utobbi

feltevést egyértelmiien aldtamasztana [9].
Mitéttechnikailag a cochlearis implantacié harom {6 szakaszra tagolhato:

1. aprocesszor koponyacsontra illesztése és rogzitése

2. astimulalo elektroda eljuttatdsa a mastoid sejtrendszertdl a dobiiregbe (mastoidectomia
¢€s tympanotomia posterior)

3. a stimulal6 elektréda bevezetése a kerek ablak membranjan keresztiil vagy a cochlea

falanak megnyitasaval (cochleostoman keresztiil) a cochlea scala tympani jarataba.
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Tapasztalatunk szerint az altalunk is modositott miitéti technikaval, a modern, vékony

implantatumok alkalmazasaval a miitét idétartama lényegesen lerdvidithetd [10].

A fenti korcsoportban igen vékony a koponyacsont és az azt boritd lagyrész is [11]. A mastoid
sejtrendszer még fejletlen, emiatt a sinus sigmoideus ¢€s az arcideg feliiletesebben helyezkedik
el. A leginkabb elfogadott modszerrel, a fiilsebészeti furdval végzett részleges mastoidectomiat
kovetd tympanotomia posterior révén nyitjuk meg a dobiireget [6]. A tympanotomia posterior
soran a recessus facialisban — az incus rovid nyulvéanya, a nervus facialis mastoidealis szakasza
¢s a chorda tympani altal hatarolt haromszdgben — jaratot készitiink a stimulalé elektrodanak,
¢s biztositjuk a ralatast a scala tympaniba juttatdsanak helyére, amely a kerek ablak vagy a csiga

bazalis kanyarulatan készitett cochleostoma lehet (1. abra).

Ez a mitéti 1épés a struktirdk kozelsége miatt az arcideg €s a chorda tympani sériilésének
vesz¢élyét hordozza magaban. A csecsemOk ¢és a kisgyermekek fejkorfogata kisebb a
felndttekénél [12], igy logikus arra gondolnunk, hogy a recessus facialis és a dobiireg is kisebb,

ezaltal a felndttkorindl még nagyobb az idegi struktirak sériilésének veszélye.

Munkank soran megvizsgaltuk, hogy az 1 év koriili korosztadly anatomiai sajatossagai — a
halantékcsont cochledris implantacié szempontjabol relevans anatomiai méretei — valoban

nehezitik-e a miitét elvégzését, €s emiatt indokolt-e a miitét késébbi idopontra halasztasa.

Anvag és modszer

Attekintettiik a koponyacsont vastagsagara és a recessus facialis méreteire vonatkozé irodalmi
adatokat.

Meéréseket végeztiink sajat beteganyagunkon a mastoid iiregrendszer és a recessus facialis
méretbeli eltéréseinek felmérésére. Osszesen 6 olyan tdvolsdgot hataroztunk meg, amellyel
definialhatd a mastoid iiregrendszer és a posterior tympanotomia térfogata a halantékcsont
vizsgalatara kidolgozott protokollal készitett komputer tomografias (CT) felvételeken: incus
DI: rovid nyulvanya — tegmen mastoideum(coronalis metszetben, a dobhartya sikjaval
parhuzamos sikban az incus rovid nyujtvanyanak vegpontja és a tegmen mastoideum

tavolsaga.),
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D2: planum mastoideum — nervus facialis(coronalis metszetben a plaum mastoideum ¢€s a

nervus facialis dobiiregi és mastoidealis hataranak tavolsaga),

D3: tegmen mastoideum — mastoidcsucs(sagittalis metszetben a mastoidcsics és a tegmen

tympani tavolsaga),

D4: nervus facialis — rostos dobgytrti,
D5: kerek ablak — rostos dobgytird,
D6: kerek ablak — nervus facialis

Adatbazisunkbol kigytijtottiik a cochlearis implantaciot megeldz6 rutin kivizsgéalas részeként a
halantékcsontrol 2015. januar 1. és 2018. augusztus 31. kdzott a Szent-Gyorgyi Albert Klinikai
Kozpontban készitett vékony szeletes CT vizsgalatokat. Kizartuk a vizsgalatbol azokat az
eseteket, amelyekben a csontos labirintus fejlédési rendellenességét vagy korabbi mutét jeleit
(pl. mastoidectomia, tympanoplastica) észleltiik. A 10 legfiatalabb gyermekrdl készilt
vizsgalatokat (atlagéletkor: 1,25+0,31 év) és randomizalt médon 10 felnéttrdl (atlagéletkor:
55,82+16,93 ¢év) készitett sorozatot elemeztik. A méréseket végzd személy radiologiai
szakképzésben részt vevo fiil-orr-gégész szakorvos. A vizsgalatunkba bevont betegeink koziil
9 beteg esetében General Electric LightSpeed 64 tipusu és 11 beteg esetében Philips Brillance
1CT256 tipusu késziilékkel tortént nagy felbontast CT-vizsgalat (szeletvastagsag: 0,625 mm ¢és
0,4 mm). A késziilékek kiilonb6z0sége nem befolyasolja a méréseink eredményét a vizsgalati
paraméterek jO egyezOsége miatt. A tavolsagméréseket Slicer 4.2 Softwarerrel,
multiparametrikus nézetben végeztilk a vizsgélati alanyok mindkét oldalan. A statisztikai

értékelést a Mann-Whitney Sum Rank probaval végeztiik.

Cochlearis implantaltjaink, illetve torvényes képviseldik eldzetesen beleegyeztek a klinikai

adataik tudomanyos célbdl, anonim modon torténd felhasznélasaba.

Eredmények

Nagy esetszamra vonatkozo irodalmi adatok alapjan megallapithatd, hogy a gyermekek
koponyacsontja szignifikdnsan vékonyabb, mint a felndtteké¢ (3,39+1,05SD mm vs.
6,33+0,64 SD mm) [11]. Ezek az értékek haszndlhatok a cochlearis implantatumok belsd
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processzoranak helyén is, ezért azokat alapul véve a 2. dbran szemléltetjik a méretbeli

eltéréseket.

A szakirodalmi adatok szerint a recessus facialis és a bels6fil méretei mar a sziletéskor

megegyeznek a felndttkori méretekkel [13—15].

A halantékcsont méreteit illetden a szakirodalmi adatok szerint a hartyas labirintus a 16-20.
intrauterin hétre eléri a felndttkori méreteket [ 16], és annak ellenére, hogy a halantékcsont pars
squamosdja, a dobiireg és a mastoid iireg novekszik, a csontos labirintus mérete nem véaltozik
az ¢letkor elorehaladtaval [13].

Sajat implantaltjaink példdjan keresztiil is megalapozottnak talaljuk a fenti allitast, és a 3. dbrdan
szemléltetjiik.

Talaltunk olyan irodalmi adatot, mely szerint elképzelhetd, hogy statisztikailag szignifikdnsan
valtozik a cochlea bazalis kanyarulatanak sziklacsonton beliili orientacidja a korai
¢letszakaszban (2 éves korig), és a 2 éves életkort kdvetden nem valtozik ez a tényezd [17].

A mastoid lregrendszer méretbeli valtozasanak megitélése céljabol, sajat beteganyagunkon
végzett méréseink eredményét a 4a-c abrakon mutatjuk be.

Az incus rovid nytlvanya és a tegmen mastoideum tavolsaga (D1) felnétteknél 5,0£1,5 mm,
mig gyermekeknél 6,5+1,9 mm (P=0,014), tehat gyermekeknél szignifikdnsan nagyobb (4a
abra). A planum mastoideum és az arcideg tavolsaga (D2) gyermekeknél 13,2+1,9 mm, mig
feln6tteknél 24,3+3,5mm (P =<0,001), tehat felndtteknél szignifikansan nagyobb (4b dbra). A
tegmen mastoideum és a mastoidesucs tavolsaga (D3) gyermekeknél 17,842,4 mm, mig

feln6tteknél 35,9+5,6 mm (P =<0,001), tehat felndtteknél szignifikdnsan nagyobb (4c dbra).

Ugyanazon beteganyagunkon a recessus facialis méretének és a kerek ablak mélységi
viszonyainak valtozésara vonatkoz6 méréseink eredményét az Sa-c dbrakon abrazoljuk.

A nervus facialis és a rostos dobgylri tavolsaga (D4) felndttekben 5,2+0,7 mm és
gyermekekben 5,4+0,7 mm (Sa dbra). A kerek ablak és a rostos dobgylirii tavolsaga (D5)
felndttekben 6,7+0,6 mm és gyermekekben 6,9+0,8 mm (5b abra). A kerek ablak és a nervus
facialis tavolsaga (D6) felndttekben 5,2+0,1 mm és gyermekekben 6,6+0,7 mm (5¢ abra). Nem
tapasztaltunk szignifikans kiilonbséget a D4-D6 tavolsagokban a felndttek és a gyermekek
kozott.

MegbeszElés
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A gyermekek koponyacsontja és az azt boritd lagyrészek lényegesen vékonyabbak a
felnottekénél [11]. A korabbi tipust implantaitumok belsd elektronikai egysége jelentdsen
vastagabb volt a modern, vékony elektronikai kapszulaval rendelkez6 implantatumokénal [10],
ezért mindenképpen be kellett siillyeszteni 6ket a koponyacsontba, ami a koponya integritasat
karositva meggyengitette azt. A klasszikus, széles korben alkalmazott mutéti technika [6, 18]
szamos, akar sulyos szovodmény (agyinfarktus [19], epiduralis vérzés [20], halantéklebeny
infarktusa és a sinus sigmoideus trombdzisa [21], subduralis vérzés, agy-gerincveldi folyadék
szivargasa [22], lagyrészek elhaldsa) veszélyét is hordozza. A vékony profilu implantdtumok
megjelenése megteremtette a ,,subperiostealis pocket” [23] és a ,,szoros subperiostealis pocket”
[24] technika lehetdségét — mely utobbit a SZTE Fiil-Orr-Gégészeti Klinikan a legtobb esetben
alkalmazunk. Nemzetk6zi multicentrikus tanulmanyunk eredményébdl arra kovetkeztettiink,
hogy a vékony implantditumokat révid bormetszést kdvetden kis feltarasbol, akar csontagy
készitése nélkill, a lagyrészek integritdsanak megbontasa, ezaltal meggyengitése nélkiil
tiltethetjiik be, és nincs szilikség rogzitd varratokra [10]. Ezzel a technikdval — amellett, hogy a

beavatkozas minimalisan invazivva valik — a miitéti id6tartam is jelentdsen lerovidithetd.

Az antrum cranio-caudalis méretét jellemezhetjiilk az incus rovid nyulvanya és a tegmen
mastoideum tavolsagaval (D1). A mastoid iiregrendszer laterolateralis méretét (mélységét) a
planum mastoideum ¢és az arcideg tavolsdga (D2), cranio-caudalis kiterjedését a tegmen
mastoideum és a mastoidcsucs tavolsaga (D3) adja meg. A D1:D3 arany — amely az antrum és
a mastoid iireg aranyat adja meg — a felnétteknél 0,14, a gyermekeknél 0,37, mikozben a D1 a
gyermekeknél a felndttekhez képest nagyobb ¢és a D3 a gyermekeknél a felnbttekhez képest
szignifikdnsan kisebb volt. Megjegyezziik, hogy az Ujsziildtteknek még nincs pneumatizalt
mastoidalis sejtrendszere, csak az antrum mastoideum van jelen, mely légtartd vagy
embrionalis kotdszovet altal kitoltott, és beldle kiindulva fejlddnek és 1 éves kor koriil jelennek

meg a légtarté mastoid sejtek [25].

Sebészi konnyebbséget jelent és gyorsitja a miitétet, hogy gyermekek esetében kevesebb
csontot kell eltdvolitani, ugyanakkor — mivel az arcideg kevésbé mélyen fut — dvatosabb
munkéaval kell kialakitani a sekélyebb mastoidectomids iireget. Ovatossagra int az az
eredménylink is, hogy az antrum mérete a teljes mastoid lireg cranio-caudalis kiterjedéséhez
viszonyitva relative nagy, ami miatt konnyen ,,eltévedhet” és okozhatja az arcideg sériilését a
gyermek fiilmutétekben tapasztalatlan sebész. Megjegyezziik, hogy a gyermekkori fiilmutétek
szama jelentdsen csokkent, és a fiilsebészeti €s cochlearis implantacids kurzusokon is felndtt

specimeneken gyakorolnak a résztvevok. Biztonsagos megoldast kinal, ha a tegmen
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mastoideum mentén haladva keressiik fel az antrumot, és igy hozzuk 14totérbe az incus rovid
nyulvanyat, amely rdmutat az arcidegre. Ezt kdvetden biztonsagosan el6készithetjiik a teriiletet
a dobiireg megnyitasara. Arcidegmonitor rutinszeri alkalmazasaval tovabb fokozhatjuk a

biztonsagot.

A nemzetko6zi szakirodalomban fellelt cadaver és képalkotd vizsgalatok eredménye — mely
szerint mig a koponya méretei ndnek a sziiletéstdl kezdve gyermekkorban, addig a belsofiil és
a recessus facialis méretei mar a sziiletéskor megegyeznek a felndttkori méretekkel [13—15] —
megfelel klinikai tapasztalatainknak ¢és sajat beteganyagunkon végzett méréseink
eredményének (4. és 5. abrak). Ez azt jelenti, hogy a dobiireg legelfogadottabb megnyitasi
modszerében, az Gn. tympanotomia posteriorban, nincs érdemi kiilonbség. Tovabbi klinikai
tapasztalatunk, hogy gyermeken kevésbé scleroticus a tympanotomia posterior soran elfurandé
csontdllomany, ami megkonnyiti a furadst és az idegi struktirdk csontdllomanyon beliili

elkiilonitését.

Konklizio

A cochlearis implantacidé miitéti technikaja nem jelent sziikségszertien nagyobb kockazatot az
alacsony életkor anatomiai sajatossdgai miatt. A mastoid iireg fejletlensége csecsemd- és
kisgyermekkorban megkonnyiti a kerek ablak vizualizalasat, és a koponyacsonton végzett
kevesebb csontmunka altal még kisebb traumaval végezhetd el a mitét. Vizsgalatunkbol arra
kovetkeztetiink, hogy az 1 év koriili korosztaly anatomiai sajatossdgai — a halantékcsont
cochlearis implantacié szempontjabol relevans anatomiai méretei — nem nehezitik meg a mutét

elvégzését, és nem indokoljak a hallasrehabilitacios mitét halogatasat.
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ABRAJEGYZEK

1. abra: A nervus facialis és chorda tympani altal bezart szog szarai altal hatarolt recessus
facialis és a benne furoval készitett posterior tympanotomia mikroszkopos miitéti képe.
Minimalisan invaziv miitét sordn a kerek ablakon keresztiil torténik a stimulalo elektroda

bevezetése a cochleaba.

2. dbra: Gyermekek és felndttek koponyacsontjanak ¢s lagyrészeinek vastagsaga a cochlearis
implantatum belsé egységének helyén (a: 12 honapos gyermek, b: 7 éves gyermek, c: 75 éves
felnott). Bal oldalon csontablakos, axialis siku CT szeletek, jobb oldalon topogramokra vetitve
egy cochledris implantitum hozzavetdlegesen méretaranyos belsd processzora lathato. A
mérések és a cochlearis implantaitum rekonstrukcioés képe RadiAnt DICOM Viewer 4.6.5

szoftverrel késziilt.

3. abra: 1 éves csecsemd és 50 éves felndtt halantékcsontjanak Osszehasonlitisa szemléltetd
abran. a): A cochlea bazalis kanyarulatan athalado, axialis siki CT-szeletek egymasra vetitve.
b): 3D Slicer 4.2-vel készitett 3D rekonstrukciok egymasra vetitve. A belséfiilek méretei

megegyeznek, [ényeges kiillonbséget a mastoid rendszer volumenében taldlunk.

4a abra: Az incus rovid nyulvanya €s a tegmen mastoideum tavolsadga gyermekeknél nagyobb,
mint felnétteknél. Bal oldalon a diagramon a mérések atlagat tiintettiik fel, jobb oldalon virtualis
haromdimenzios abran (3D Slicer 4.2, Virtual Ear Simulator) a vizsgalt tavolsagot (D1) fehér

vonallal jeldltiik.

4b éabra: A planum mastoideum ¢és az arcideg kozotti tavolsdg gyermekeknél szignifikdnsan
rovidebb, mint felndtteknél. Bal oldalon a diagramon a mérések atlagat tlintettiik fel, jobb
oldalon virtuélis haromdimenziés abran (3D Slicer 4.2, Virtual Ear Simulator) a vizsgalt

tavolsagot (D2) fehér vonallal jeloltiik.

4c abra: A tegmen mastoideum ¢és a mastoid csucs kozotti tavolsag gyermekeknél
szignifikansan rovidebb, mint felndtteknél. Bal oldalon a diagramon a mérések atlagat tiintettiik
fel, jobb oldalon virtualis haromdimenzios dbran (3D Slicer 4.2, Virtual Ear Simulator) a

vizsgalt tavolsagot (D3) fehér vonallal jeloltiik.

5a abra: Az arcideg és a rostos dobgytiri tdvolsagat vizsgalva nincs szignifikans kiilonbség
gyermekek és felndttek kozott. Bal oldalon a diagramon a mérések atlagat tiintettiik fel, jobb
oldalon virtualis hdromdimenziés abran (3D Slicer 4.2, Virtual Ear Simulator) a vizsgalt

tavolsagot (D4) fehér vonallal jeloltiik.
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5b 4bra: A kerek ablak és a rostos dobgytirii tdvolsagat vizsgalva nincs szignifikans kiilonbség
gyermekek és felndttek kozott. Bal oldalon a diagramon a mérések atlagat tiintettiik fel, jobb
oldalon virtudlis haromdimenzids abran (3D Slicer 4.2, Virtual Ear Simulator) a vizsgalt

tavolsagot (D5) fehér vonallal jeldltiik.

Sc éabra: A kerek ablak és az arcideg tavolsagat vizsgalva nincs szignifikdns kiilonbség
gyermekek és felndttek kozott. Bal oldalon a diagramon a mérések atlagat tlintettiik fel, jobb
oldalon virtudlis haromdimenzids abran (3D Slicer 4.2, Virtual Ear Simulator) a vizsgalt

tavolsagot (D6) fehér vonallal jeloltiik.
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Abstract

Rationale: Cochlear implantation is the most effective method of rehabilitation for patients with severe to profound sensorineural
hearing loss. Binaural hearing forms the basis of the development of hearing-associated cortical networks in infants and toddlers, but
simultaneous bilateral implantation is often postponed due to the demands of classical surgical methods, which are associated with
large incisions and a deep bony well. Objective: The authors report on the use of a modern, thin implant type and the possibilities it
provided to simplify the surgical technique. Methods and results: Recent models of the Cochlear™ Nucleus® implant family were
studied in an international retrospective multi-center study: 6 otolaryngologists in 5 centers shared their experiences on 73
consecutively implanted, thin implants. The surgical incision could be made shorter than before and only shallow bony wells or none
at all were created in 4 out of 5 centers. No complications occurred. Discussion: This study underlines that implants with thin
electronics capsules enable a simplified, fast and safe implantation procedure that allows simultaneous bilateral cochlear

implantation.

Keywords: deafness; cochlear implant; minimally invasive surgery; subperiosteal pocket; fixation

Introduction

Early and successful audiological rehabilitation
of infants and toddlers is of the utmost importance
because the untreated severe hearing loss would impede
their speech abilities [1,2]. If high-power hearing aids do
not bring enough benefit, cochlear implantation is
indicated. Our centers’ recommendation is that cochlear
implantation should be performed before the age of 18 to
24 months because the connectome [3] (a network of
effective synaptic connections and neural projections)
continues to mature up until this age [4,5]. Later, the
plasticity of the human brain gradually diminishes. In
practice, this means that if cochlear implantation is
performed in time, the toddlers have a high chance of
reaching equivalent levels of speech performance to their
normal-hearing peers without much delay in their speech
development [6,7]. Early rehabilitation may be delayed not
only by late diagnosis of deafness, but also by the
surgical requirements of the classical technique for
cochlear implantation (large access, risk of complications,
long surgical time, blood loss that are problematic aspects

most commonly in infants and toddlers) for which reason
the use of thinner implants is advantageous. The surgery
is associated with several risk factors, predominantly in
infants and toddlers because the bone and soft tissues
are very thin in these age groups [8], which makes
subjects more prone to complications [9-12].

The classical surgical technique for cochlear
implantation, dating back some decades, required large
access, which was not a major problem whilst the majority
of the implantations were performed on adult subjects.
Today, however, a large number of surgeries are
performed on infants and toddlers. The earlier types of
cochlear implants were thick in order to provide good
impact resistance, and for this reason, a bony well to sink
the implant into the skull was required. This sometimes
resulted in bulging soft tissues, which were associated
with discomfort during sleep and for those wearing
glasses and increased risk of soft tissue necrosis over the
implant. Creation of a bony well required a long, up to 10
to 15 cm incision and wide access [13] that considerably
compromised the stability of the soft tissues.
Consequently, in order to prevent dislocation of the



implant electronics, the surgeon had to fixate the implant
package to the bone with non-absorbable sutures, mesh
or screws [14-16]. The bony well, with a sharp rim,
contributes towards the prevention of implant migration.
This classical method, however, is associated with
several hazards, especially in infants and toddlers,
because they have very thin bone and soft tissues at the
implant site [6]. Potential severe complications are
cerebral infarction [9], epidural hemorrhage [10], infarction
of temporal lobe [11], lateral sinus thrombosis [11],
subdural hemorrhage, liquorrhoea [12], and soft tissue
necrosis. If a bony well is created, the skull will be
weakened and will have lower ability to resist mechanical
injuries. Furthermore, the bony well requires a large view
and incision and the overlying soft tissues will push the
implant less tightly to the skull. A longer incision is
associated with a longer surgical time, more blood loss,
more time needed for coagulation and wound closure and
longer hospital stays and postoperative care [17].

The subperiosteal pocket technique has become
a widely used method of cochlear implantation: Balkany et
al. used the tight temporal pocket and further tightened
the pocket with periosteal sutures to fixate the implant
[16], while Jethanamest et al. used the “subperiosteal
tight pocket” without any other fixation of the implant [19].
Recently, Turanoglu et al. reported their finding that the
internal electrical unit of the implant device, implanted
with the subperiosteal temporal pocket technique, fixates
itself by causing bone remodeling and making an
impression on the skull [20]. Regarding displacement of
the implant, no difference was found between the
classical and the tight subperiosteal pocket technique so
far [21,22].

To optimize outcomes, it is advised to aim for an
early diagnosis, bilateral auditory rehabilitation and quick,
minimally invasive and safe cochlear implant surgery.
When indicated, simultaneous bilateral implantation is
recommended because sequential procedures are linked
with two courses of anesthesia, double surgical load and
double the hospital stay. However, the disadvantages of
surgery as discussed above mean that bilateral
implantation in one surgical procedure is often not

Cochlear Nucleus CI24RE
(Freedom)

housing
6.9 thickness (mm) 3.9
20.5 width (mm) 24
19.3 length (mm) 23

Size of internal electronics
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possible. The leading cochlear implant manufacturers are
familiar with these dilemmas and develop their devices
based on consensus with surgeons. A critical aspect of
the design of the device is size. Decreasing size,
especially thickness, facilitates minimally invasive surgical
techniques as thin implants can be implanted either into a
shallow bony well or even without a bony well [23,24].
Although other manufacturers have aimed to decrease
the thickness of their cochlear implants, the most
conspicuous change can be observed across the
Cochlear™ Nucleus® implant series. The newest Profile
devices from Cochlear Ltd. (Sydney, Australia) have an
almost 50% decrease in thickness compared to Nucleus®
Freedom devices. This provides an opportunity to
examine the practical value of such changes and allows
us to assess the first experiences with the device from the
user’s perspective.

The aim of our study was to assess the
advantages of this low-profile implant family with regards
to the modification of the surgical technique and any
changes in comparison with the earlier type of implants.
Experienced surgeons were interviewed and given a self-
administered questionnaire. They were asked: Does the
design of the implant allow modification of the classical
surgical technique to allow a simpler and safer
procedure?

Methods

The surgeries were performed using the
Cochlear™ Nucleus® Profile implants (C1512 and CI522).
Nucleus® CI532 that was marketed later has the same
low-profile electronics capsule, thus the results can be
projected to all three implant types within the Profile
family. The profile thickness of the implant was decreased
compared with the earlier model, the Nucleus® Freedom,
from 6.9 mm to 3.9 mm. Although the implant electronics
capsule changed in shape, the rounded edges became
more angular, the overall dimensions did not change
significantly (Figure 1).

Cochlear Nucleus CI512
(Profile)

147
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Fig. 1 Cochlear™ Nucleus® Freedom (on the left) and Cochlear™ Nucleus® Profile (on the right) implants from above (A and
B) and side view (C and D). The dimensions are detailed in the table. E and F show the three dimensional CT reconstructions
(software: RadiAnt DICOM Viewer). The electronics capsule (a) and the antenna (b), in the middle of which a magnet is
mounted, can be easily recognized. The arrowhead represents the soft tissue over the implant. The profile of the implant
protrudes out of the bony surface only as much as the earlier type of implant.

International multi-center retrospective study
The surgical experiences with the thin implant

types were collected and compared in a retrospective
multi-center study. The surgeons gave feedback about
the changes in their surgical technique with the thin
implant family compared with the earlier, thicker types.

Five leading cochlear implant centers in Central

and Eastern Europe were enrolled:

1.

The University of Szeged, Albert Szent-Gyérgyi
Clinical Center, Department of
Otorhinolaryngology, Head and Neck Surgery,
Szeged, Hungary (21 Profile implants)
Department of Otorhinolaryngology, Head and
Neck Surgery Charles University in Prague,
Second Faculty of Medicine Motol University
Hospital, Prague, Czech Republic (18 Profile
implants)
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3. Department of Otorhinolaryngology, Head and
Neck Surgery Charles University in Prague, First
Faculty of Medicine Motol University Hospital,
Prague, Czech Republic (11 Profile implants)

4. ENT Clinic “Maria Sklodowska Curie” Hospital,
“Carol Davila” University for Medicine and
Pharmacy, Bucharest, Romania (17 Profile
implants)

5. Emergency County University Hospital of Targu
Mures, ENT Department, Targu Mures, Romania
(6 Profile implants)

Six experienced otolaryngologists (the average
years of experience with ear surgery was 26 years) were
asked to fill in a self-administered questionnaire regarding
their opinion about the thin implants. The official language
of the questionnaire was English (Figure 2).
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Questionnaire about Nucleus Profile Implants

Center name, 3ddress: ............ccooviriiirnimmrieerriansrrnrine s e ennnees
Filled i BY: c.ovooeoe e

What is the typical size of incision?
A) <5cm
B) 5-7em
Cy 7-9¢m
D) 9-11 em
E) >11 cm

Compared to earlier cochlear implant types, the typical size of incision is:
A) much shorter
B) slightly shorter
C) the same
D) slightly longer
E) much longer

Do you create a bony well for the implant?
A) always
B) in most cases
C) in about half of the cases
D) in some cases
E) never

If yes, how deep is the deepest pan?
A) just the outer cortical bone
B) more than the outer cortical bone but less than the implant thickness
C) as deep as the implant thickness
D) more than the implant thickness
E) the total bone thickness

Compared to earlier cochlear implant types, the bony well with Profile implants is
A) considerably less deep
B) slightly less deep
C) the same
D) slightly deeper
E) considerably deeper

Do you fixate the implant to the bone with sutures?
A) always
B) in most cases
C)in half of
D) in some cases
E) never

Do you fixate the implant to the periosteum with sutures?
A) always
B) in most cases
€) in about half of the cases
D) in some cases
E) never

Do you fixate the implant to the temporal muscle with sutures?
A) always
B) in most cases
C) in about half of the cases
D) in some cases
E) never
Have you realized displacement of the implant?
A) no
B) yes, in......cases

Average surgical time from incision until wound closure, unilateral implant
A) <50 Minutes
B) 50-70 Minutes
C) 70-90 Minute
D) 90-110 Minutes
E) >110 Minute

Compared to earlier cochlear implant types, the surgical time is
A) shorter
B) the same
C) longer

Do you think that Profile makes the implantation procedure easier?
A) No
B) yes, slightly
€) yes moderately
D} yes, considerably

Do you think that Profile makes the implantation procedure safer (less complications)?
A) No
B) yes, slightly
C) yes moderately
D) yes, considerably

Fig. 2 The English language self-administered questionnaire

The surgeons provided answers based on their
subjective surgical experiences and the documentation
collected about the implant surgery. A total of 73 thin
implants were implanted into 59 recipients, up to 31
January 2015. The recipients were children and adults
with an average age of the recipients between 17-23
years. Sex ratio was 30 females and 29 males. Bilateral
implantation was performed in 14 subjects.

The First Faculty and Second Faculty of
Medicine Motol University Hospital acted as independent
centers. The following topics were covered:

The length of the surgical incision and its
relation to the earlier type of implant
Necessity and dimensions of a bony well for
the implant electronics

Fixation of the implant electronics with
sutures

The incidence of intraoperative and early
postoperative complications

Dislocation of the implant

Change in surgical time

The opinion of the surgeon if implantation of
the thin implants is easier or safer

The general opinion of the surgeon and
comments

No o
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Results

The length of the surgical incision measured was
less than 5 cm in 2 centers and between 5 and 7 cm in 3
centers. When compared with the earlier type of implant,
the incision was found to be considerably shorter (3 out of
5 centers; 60%), slightly shorter (1 out of 5 centers; 20%),
and unchanged (1 out of 5 centers; 20%).

A bony well was created only in a few cases (2
out of 27 implants) in 2 centers and in all cases in 3
centers (46 implants). If a bony well was created, it was
performed by removing the outer cortical bone only in
three centers. The bony well was deeper than the outer
cortical bone but less deep than the implant thickness in
one center and the bony well was as deep as the implant
thickness in one center. When compared with the earlier
type of implant, the bony well was reported to be
considerably shallower in 4 centers and slightly shallower
in 1 center.

None of the centers fixated the implant to the
bone. Periosteum and temporalis muscle was always
used for fixation in 2 out of 5 centers. No intraoperative or
early postoperative complication was reported by any of
the centers.



Minimal displacement of implant electronics was
registered in one center, without the need for revision
surgery. This center reported having drilled a bony well as
deep as the implant thickness and used the periosteum
for fixation.

The typical surgical time for unilateral surgery
from incision until wound closure was reported to be less
than 50 minutes in 2 centers, 50 to 70 minutes in 1 center
and 90 to 110 minutes in 2 centers, while surgery with the
thicker implants took approximately 10 to 25 minutes
longer. The shorter times were seen in those centers in
which a bony well was not drilled. When compared with
the earlier types of implants, the surgical time was shorter
in all 5 centers.

The surgeons found the implantation procedure
for the recent type of implant considerably easier in 2
centers, moderately easier in 1 center and slightly easier
in 2 centers.

They also found the implantation considerably
safer in 2 centers, moderately safer in 1 center and
slightly safer in 2 centers.

The surgeons all agreed that the thin nature of
the new implant did not necessitate a classical bony well.

Discussion

Universal newborn hearing screening enables
early detection of hearing loss in infants and their early
audiological rehabilitation, even under the age of 1 year.
Binaural hearing not only helps to localize the source of
the sound but also improves speech perception,
especially in noisy environments [25-27]. Therefore,
optimum outcomes can be achieved in these infants by
providing them with bilateral cochlear implants.

Although several factors are in favor of
simultaneous bilateral implantation [28,29], this procedure
is associated with longer surgical time and increased
load, especially in infants and toddlers. For this reason,
an important goal of implant surgery is to use faster and
more minimally invasive surgical techniques. In order to
prevent bulging of soft tissues over the thicker implants,
the classical technique of cochlear implantation requires
the drilling of a bony bed and fixation of the device to the
skull and is associated with several risk factors,
predominantly in infants and toddlers. The bone and soft
tissues are very thin in these age groups [8] which make
subjects more prone to complications [9-12]. The biggest
advantage of thin implants is that they can be implanted
into a shallow bony well or even without a bony well and
often without the need for fixation.

The surgeons participating in the study all
agreed that the thin nature of the new implant did not
necessitate a classical bony well and that the reduction in
drilling definitely decreased the risk of a dural injury, with
a further advantage that the implant was less bulging
under the skin. Nevertheless, for those who decided to
use a bony well, this could be easily created because in
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their opinion an anterior rim sufficed to prevent migration
of the implant.

The results of the multi-center questionnaire
show that the surgical techniques made possible by the
thin implants had several benefits compared to the older
devices, which were clinically relevant:

1. The surgical incision used was shorter,
which is associated with less blood loss, as
the bleeding stops sooner and wound
closure is faster (Figure 3).

Fig. 3 Two examples of the shortest incisions. A) A short,
linear incision with superior-posterior extension. B) A short,
curved incision in the retroauricular fold. The drawing
indicates the approximate location of the implant.

2. No bony well was necessary, or if used it
could be made shallow. This reduces the
risk of complications and time can be saved
(Figure 5).

3. No other fixation of the implant to the skull
other than the subperiosteal tight pocket has
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to be used. This ensures enough stability of
the implanted device and time can be saved.

4. The rate of displacement (1 out of 73 cases)
was comparable to other techniques. Note:
The only displacement was observed at the
site in which the standard technique is to
make a bony well as deep as the implant
thickness. A deep well requires a large view
and the tissues of the subperiosteal pocket
will be weakened.

Fig. 4 An example of sinking the implant into a bony well:
Meticulous and time-consuming surgical steps may be
required. Sinking the implant into a bony well requires
several surgical steps. 1: Long incision and large exposition
of the skull. 2: The outline of the bony well. 3: A bony tunnel
in which the fixation sutures are inserted. 4: A bony tunnel
in which the stimulating electrode is inserted. 5: A limited
mastoidectomy cavity. 6: Posterior tympanotomy. Steps 1-4
can be omitted if thin implants are used.
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5. The above-mentioned factors made the
implantation procedure simpler, reduced
surgical time and decreased the load of
postoperative care and duration of hospital
stay. This is a considerable advantage,
especially in  simultaneous  bilateral
implantations in infants and toddlers.

Conclusion

Thin implants are advantageous because they fit
the shape of the skull and cause only slight protrusion of
the soft tissues, even without a bony well. The smaller
incision (exploration) is associated with less blood loss
and a drop in surgical time.

Our study underlines that the new thin implants
are associated with real benefits, in that they allow us to
further develop and simplify the surgical technique for
cochlear implantation. One should note that if the surgical
incision is larger than necessary and the integrity of the
soft tissues is not preserved, the pocket for the implant
will be unnecessarily weakened. In such cases, in order to
prevent implant displacement, the implant should be
fixated to the bone (bony well, sutures).

In the authors’ opinion, the development of
cochlear implant design should be directed towards a
decrease in thickness and adaption to the shape of the
skull.
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Bevezetés: A cochlearis implantatumok elektrodai gyartotol és modelltdl fliggden
kulénbdznek hosszukban, vastagsagukban és implantaciot kovetéen a csiga
tengelyéhez (modiolushoz) viszonyitott elhelyezkedésikben. Az el6re gorbitett
elektrédasorok kézelebb kerlinek a stimulalandd ganglion spirale sejtekhez, mint az
egyenes elektrodasorok, ami a stimulaciéban tapasztalt elektrofizioldgiai kiilonbségek
mellett elényds lehet a hangélmény minéségének szempontjabal.

Célkitlizés: Elézetes elektrofiziologiai vizsgalataink eredménye szerint ugyanannak a
termékcsaladnak (Cochlear™ Nucleus® Profile) vastagabb (Contour Advance) és
vékonyabb (Slim Modiolar) perimodiolaris elektrédasorai kdziil a vékonyabbnak az
elektrédai hasonlo téltésmennyiség atadasa mellett is képesek hasonl6 idegi valaszt
kivaltani, mint a vastagabbnak az elektrédai. Vizsgalatunkkal arra kerestiik a valaszt,
hogy milyen jelenség all az elektrofiziolégiai eredmények hatterében.

Maodszer: Betegcsoportonként 54, Contour Advance és Slim Modiolar tipusu
elektrédasorral implantaltakat vontunk be. Az elektrodasor bevezetése minden esetben
a kerek ablakon keresztil tértént, a kerek ablak elllsé-als6 csontszélének elfurasat
kovetden vagy a nélkil. A mitét masnapjan készult Stenvers-féle rontgenfelvételeken
megmeértlk az elektrédasorok altal leirt hurok cochlean beliili legnagyobb atméréjét. A
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beliltetés utan két hénappal megbecsiiltik a kétféle perimodiolaris elektrodasorral
felszerelt implantatum energiafelhasznalasi mutatéit.

Eredmények: A posztoperativ rontgenfelvételeken a vékonyabb perimodiolaris
elektrodasorral implantalt csoportban az elektrédasorok altal leirt hurok cochlean belili
atlagos atméréje 4,2+0,5 mm, mig a vastagabb perimodiolaris elektrédasorral
implantalt csoportban 4,9+1,1 mm értéknek adédott. Az “Auto power” a CI532-
csoportban 44,81+5,05%, a ClI512-csoportban 50,85+8,35%, tehat alacsonyabb
energiafogyasztast tapasztaltunk a C1532-csoportban.

Kovetkeztetés: Képi diagnosztikai mddszerrel, viszonylag nagy esetszam bevonasaval
arra kdvetkeztettiink, hogy a vékonyabb perimodiolaris elektrodasor még a
vastagabbnal is szignifikansan kdzelebb keril a modiolushoz, ami elfogadhato
magyarazatot ad el6zetes elektrofizioldgiai mérési eredményeinkre.

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

Objective: 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.

Methods: 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 parameters 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. Estimated 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 significantly closer position to the modiolus than the CA. This
finding supports our earlier electrophysiological result and indicates better performance
abilities.

Kéziratszam: HMJ-D-19-00062

Cochlearis implantatumok kiildnbdzd, elére hajlitott elektrédainak elhelyezkedése a
modiolushoz viszonyitva — Radiolégiai vizsgalat a perimodiolaritds mértékének
megallapitasara.

Orvosi Hetilap

Tisztelt Fészerkesztd Ur!
Tisztelt Biralo!

Koszonjik az észrevételeiket és a javaslataikat, amelyek alapjan az alabbi
valtoztatasokat végeztiik. A cimben szereplé modiolus kifejezést médositottuk ,a csiga
tengelye” kifejezésre. A perimodiolaritas kifejezést megtartottuk. Javitottuk a
hivatkozasok cimében szerepld, nagy betlivel kezd6dd szavak kezddbetdiit.

ad 1. A csontos cochlea kifejezést ,capsula oticum” kifejezésre javitottuk. A ,hartyas
cochlea” kifejezést ,a cochlea bazalis kanyarulatanak lateralis fala” kifejezésre
maodositottuk.

ad 2. A helyesiras szabalyainak megfelel6en javitottuk a ,belsd ful” irasmaédjat. A
bevezetébe a javasolt kézleményeket is bevontuk: ,A megfeleld hangélmény
biztositasat a tudomanyos kézlemények szerzgi elsésorban az elektrédasor
tulajdonsagaiban, az elekrodasor kiméletes bevezetésében és a beszédprocesszor jo
beprogramozasaban latjak. Egyes szerz6k az elbre hajlitott elektrédasorok
modiolushoz kozeli helyzetével, mig masok a cochlea hosszu elektrédasor altali teljes
lefedettségével tapasztaltak jobb eredményeket a hallasélményben [15-18].”

ad 3. a) Az altalunk ismertetett radiolégiai médszerrel felismerheté a ,tip fold over”. A
vizsgalt 54+54 esetlinkben nem talalkoztunk tip fold overrel. Az eredményekben igy
fogalmaztunk: ,Tip fold-overt a vizsgalt 108 esetlinkben nem talaltunk.”
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Véleménylink szerint az anterior inferior iranyba kitagitott kerek ablakon torténé
behelyezés segitségével optimalizalhat6 az elektrodasor bevezetésének tengelye, de
6nmagaban nem védi ki a tip fold overt.

b) Az ismertetett radiologiai médszeriinkkel nem nyerhetd adat az elektrodak

el a scala vestibuli és scala tympani. Erre in vivo a legalkalmasabb képalkoto
modalitas a cone-beam CT lenne.

A kéziratot a fentiek alapjan igy fogalmaztuk at: ,Cochlearis implantatum betltetését
kovetden rutinszerlien rontgenfelvételt készitlink. A Stenvers-féle felvételen nagy
biztonsaggal allapithatok meg azok a komplikaciok, amelyek az elektrodasor
eltavolitasat és Ujboli pozicionalasat teszik sziikségesseé, igy példaul ha az
elektrédasor rendellenes, cochlean kivili helyzetbe kerllt vagy a vékony, elére
gorbitett elektrodasorok esetében gyakrabban észlelt ,tip fold-over” (az elektrodasor
csucsi részének visszahajlasa) [22-23]. A szummacios rontgenképeken a csigan beluli
részletek (scala tympani, scala vestibuli) nem kulénulnek el. Komplikacioé gyanujakor, a
részletgazdagabb képi megjelenités érdekében szbéba jon a sziklacsont vékony
szeletes CT-vizsgalata vagy még inkabb cone-beam CT-vizsgalata, amely
szignifikansan alacsonyabb effektiv sugardozissal elvégezhet6 és kevesebb
miterméket okoznak rajra a fém elektrodak (2. abra) [24—-26].”

Koszonjlk tovabba, hogy ezen javitasokkal publikalasra alkalmasnak itéleték cikkiinket
Hazank nivés szakmai lapjaban, az Orvosi Hetilapban!
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Cochlearis implantatumok kiilonbozo, elore gorbitett elektrodasorainak elhelyezkedése a
cochlea tengelyéhez viszonyitva — Radioldgiai vizsgalat a perimodiolaritds mértékének

megallapitasara.
OSSZEFOGLALAS
Kulcsszavak: siketség, cochlearis implantatum; elektréda pozicid, modiolus, perimodiolaris

Bevezetés: A cochlearis implantaitumok elektrodai gyartétol és modelltél fliggden
kiilonboznek hosszukban, vastagsagukban és implantaciot kovetdéen a csiga tengelyéhez
(modiolushoz) viszonyitott elhelyezkedésiikben. Az elére gorbitett elektrédasorok kozelebb
keriilnek a stimuldland6 ganglion spirale sejtekhez, mint az egyenes elektrodasorok, ami a
stimulacioban tapasztalt elektrofiziologiai kiilonbségek mellett elonyos lehet a hangélmény

mindségének szempontjabol.

Célkitlizés: Elozetes elektrofiziologiai vizsgalataink eredménye szerint ugyanannak a
termékcsaladnak (Cochlear™ Nucleus® Profile) vastagabb (Contour Advance) és vékonyabb
(Slim Modiolar) perimodioldris elektrodasorai koziil a vékonyabbnak az elektrédai hasonlo
toltésmennyiség atadasa mellett is képesek hasonld idegi valaszt kivaltani, mint a
vastagabbnak az elektrodai. Vizsgalatunkkal arra kerestiik a valaszt, hogy milyen jelenség all

az elektrofiziologiai eredmények hatterében.

Modszer: Betegesoportonként 54, Contour Advance és Slim Modiolar tipusu elektrodasorral
implantaltakat vontunk be. Az elektrodasor bevezetése minden esetben a kerek ablakon
keresztiil tortént, a kerek ablak eliils6-alsé csontszélének elftirasat kovetden vagy a nélkiil. A
mutét masnapjan késziilt Stenvers-féle rontgenfelvételeken megmértiik az elektrodasorok altal
leirt hurok cochlean beliili legnagyobb atmérdjét. A beiiltetés utan két honappal megbecsiiltiik

a kétféle perimodiolaris elektrodasorral felszerelt implantatum energiafelhasznaldsi mutatoit.

Eredmények: A posztoperativ rontgenfelvételeken a vékonyabb perimodioléris elektrédasorral
implantalt csoportban az elektrodasorok altal leirt hurok cochlean beliili atlagos atmérgje
4,2+0,5 mm, mig a vastagabb perimodiolaris elektrodasorral implantalt csoportban 4,9+1,1
mm érteknek adodott. Az “Auto power” a CI532-csoportban 44,81+£5,05%, a CIS12-
csoportban 50,85+8,35%, tehat alacsonyabb energiafogyasztast tapasztaltunk a CI532-

csoportban.

I+
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Kovetkeztetés: Képi diagnosztikai modszerrel, viszonylag nagy esetszdm bevondsaval arra
kovetkeztettiink, hogy a vékonyabb perimodiolaris elektrodasor még a vastagabbnal is
szignifikdnsan kozelebb keriil a modiolushoz, ami elfogadhatd magyardzatot ad eldzetes

elektrofiziologiai mérési eredményeinkre.

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

radiological study to evaluate the difference in perimodiolar properties

Keywords: deafness, cochlear implant, electrode position, modiolus, perimodiolar
SUMMARY

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

better hearing performance.

Objective: 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.

Methods: 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 parameters 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. Estimated energy consumption was lower with

SM. The differences were statistically significant.
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Conclusion: Our measurements for a large cohort in each group suggest that the SM electrode
array takes a significantly closer position to the modiolus than the CA. This finding supports

our earlier electrophysiological result and indicates better performance abilities.

Bevezetés

Stulyos foki szenzorineuralis hallascsokkenés esetében, amikor nagy teljesitményi
hallokésziilékkel sem valosithatd meg kielégitd hallas(re)habilitacid, cochlearis implantatum
beiiltetése lehet indokolt. Tobb gyartd kinal belsé fiil implantatumot és tobbféle
beszédprocesszort, ¢és egyazon gyartotél is tobb konfiguracid 4ll rendelkezésre. A
konfiguracidk kiilonboznek az elektrodasorok tipusdban (pl. egyenes vagy elére gorbitett,
teljes hossziisdgu vagy rovid, vékony vagy vastag), ezaltal lehetdséget biztositanak a
paciensek egyéni anatomiai tulajdonsagaira és igényeire szabott eszkdz megvalasztasara. A
variaciok ugyanakkor megnehezitik a klinikai vizsgalatok eredményeinek Osszehasonlitasat,
értekelését. Tobb kutatdcsoport végzett célzott vizsgalatokat a kiilonbozd elektrédasorok
tulajdonsagaibol adodod gyakorlati kovetkezmények felmérése céljabol, igy példaul a
stimulalo elektrodasornak a cochlea tengelyéhez, azaz a modiolushoz viszonyitott tavolsagara
[1, 2] és ennek elektrofiziologiai hatdsaira [3], az energiafogyasztasra, az endocochlearis
strukturak sériilésének mértékére [4], a leheto legkisebb traumaval jar6 sebészi technikakra [2,
5-7], a kombinalt elektroakusztikus stimulaciora [8, 9] és a hallasmaradvany megorzésére
[10—14] vonatkozoan. A megfeleld hangélmény biztositasat a tudomanyos kozlemények
szerzOi elsdsorban az elektrodasor tulajdonsagaiban, az elekrodasor kiméletes bevezetésében
¢s a beszédprocesszor jO beprogramozasaban latjak. Egyes szerzOk az eldre hajlitott
elektrodasorok modiolushoz kozeli helyzetével, mig masok a cochlea hosszli elektrodasor

altali teljes lefedettségével tapasztaltak jobb eredményeket a hallasélményben [15-18].

Az elektrodasorok a cochlean beliil, tipustol fiiggden két ,,szElsé pozicioba” kerlilhetnek: Az
egyenes elektrodasorok a modiolustol tavoli, un. laterdlis fali helyzetet, mig az elOre gorbitett
elektrodasorok modiolushoz kozeli, Un. perimodiolaris helyzetet foglalnak el (Id. 1. abra).
Létezik még az Un. midscala elhelyezkedésl elektrodasor, amely a scala tympaniba vezetve

egy ,.kOztes” pozicidt vehet fel.
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Slim Straight elektrédasor Slim Modiolar elektrodasor
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1. abra: Az egyenes ¢és a perimodioldris elhelyezkedésii elektrodasorok cochlean beliili
helyzetének szemléltetése ugyanannal a paciensnél, szekvencidlis cochlearis
implantaciot kovetden, Stenvers-szerinti rontgenfelvételeken. A jobb és a bal oldali
cochlea szabalyos alaku és azonos méretii, amit az implantaciokat megel6z0en késziilt
CT-felvételen, méréssel ellendriztiink. A jobb cochleaba ugyanazon termékcsalad
(Cochlear™ Nucleus® Profile) vékony, egyenes stimulalod elektrodasora (Slim
Straight), a bal cochledba a vékony, eldre gorbitett stimulald elektrodasora (Slim
Modiolar) keriilt. A szaggatott fekete kettds nyilak az elektrodasorok altal a cochlean
beliil leirt hurok legnagyobb atmérdjét mutatjak.

Bar vitatott dolog, hogy az egyenes vagy az eldre gorbitett elektrodasorokkal érhetd el jobb
hallasélmény, a stimulalo elektrodak és a modiolus viszonyanak fontossagara mutat rd az a
vizsgalati eredmény, amely szerint a hangélmény és a beszédértés mindségében szignifikans
javulast eredményezhet, ha az elektrodak kozelebb kerililnek a modiolushoz, el6re gorbitett
elektrodasorok esetében [15]. Az elére gorbitett elektrodasorok elonye az egyenesekkel
szemben az, hogy a kialakitott tulajdonsaguknak koszonhetden az egyes elektrodak kozelebb
keriilhetnek a modiolushoz, ezéltal az elektromosan stimuldlandé ganglion spirale sejtekhez
is. Kovetkezésképpen a leadott toltésmennyiség — a kisebb tavolsag miatt — kisebb mértékben
szorodik szét a cochlea folyadékterében, igy kisebb aramerdsségli impulzusok elegenddek a
gangion spirale sejtjeinek ingerléséhez [14, 19, 20]. Emiatt szélesebb a hallaskiiszob és a
komfortkiiszob kozotti dinamikai tartomany, csokken az energiafogyasztds és nd az

elem/akkumulator életideje [1, 21].

Cochlearis implantaitum betiltetését kovetden rutinszeriien rontgenfelvételt készitiink. A

Stenvers-féle felvételen nagy biztonsaggal allapithatok meg azok a komplikéaciok, amelyek az
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elektrodasor eltavolitasat €s jboli pozicionalasat teszik sziikségessé, igy példaul ha az
elektrédasor rendellenes, cochlean kiviili helyzetbe keriilt vagy a vékony, eldre gorbitett
elektrédasorok esetében gyakrabban észlelt ,tip fold-over” (az elektrodasor csucsi részének
visszahajlasa) [22-23]. A szummacios rontgenképeken a csigan beliili részletek (scala
tympani, scala vestibuli) nem kiiloniilnek el. Komplikacié gyanujakor, a részletgazdagabb
képi megjelenités érdekében szoba jon a sziklacsont vékony szeletes CT-vizsgalata vagy még
inkabb cone-beam CT-vizsgalata, amely szignifikansan alacsonyabb effektiv sugarddzissal

elvégezhetd és kevesebb miiterméket okoznak rajra a fém elektrodak (2. abra) [24-26].

modiolus

promontorium

-

kiterjesztett

kerek ablak ™
b d a cochlea bazalig

kanyarulatanak
medialis fala

a cochlea bazalis
kanyarulatanak lateralis fala

cholesteatoma é‘s-‘tl\egek

capsula oticum

aktiv elektroda

2. abra: Cochlearis implantacidt kovetéen 15 évvel, recidivald cholestatoma gyantija miatt
készitett cone-beam CT vizsgalat, modiolusra centralt, ra merdleges siku, a cochlea basalis
kanyarulatat abrazolo rekonstrukcidja. A cochleaban kiterjesztett kerek ablaki behatolasbol
bevezetett Contour Advance elektrodasor lathatdé. A dobiiregben — hipodenz megjelenésii
levegd helyett — lagyrésznek megfelelo fedettséget (a mutéti leletiink alapjan recidiv
cholesteatomat és hegeket) latunk. Elkiilonithetd a capsula oticumon beliil a cochlea bazalis
kanyarulatanak lateralis és medialis fala, és lathato, hogy az elére gorbitett elektrodasor nagy

része a medialis falhoz kozel helyezkedik el.
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A hallasmaradvany implantaciot kovetd megorzésének kiemelten fontos feltétele az, hogy az
elektrodasor mind a bevezetésekor, mind azt kovetden a lehetd legkisebb traumét okozza a
cochleaban. Ezért alkalmazunk vékony, hajlékony elektrodasorokat, amelyeket az Un. soft
surgery [28] technikéval vezetiink a cochlea scala tympani jarataba. A rendelkezésre allo

vékony elektrodasorokat az 1. tablazatban mutatjuk be.

L. tablazat: A vékony elektrodasorok tipusa €és atméroi.

elektrodasor megnevezése elektrodasor tipusa elektrodasor atmérdje

(a: apikalis, b: bazalis)

MED-EL FLEX?24 és egyenes a: 0,3x0,5 mm
FLEX18 b: 0,8x0,8 mm [29]
Advanced Bionics eldre gorbitett a: 0,5 mm
HiFocus™ Mid-Scala b: 0,7 mm [30];
Oticon Medical EVO® egyenes a: 0,4x0,4 mm

b: 0,5%0,5 mm [31].
Cochlear™ Nucleus® Profile | egyenes a: 0,3 mm
Slim Straight b: 0,6 mm [32].
Cochlear™ Nucleus® Profile | elére gorbitett a: 0,35x0,4 mm
Slim Modiolar (CI532) b: 0.45%0.5 mm [33].

A klinikai vizsgéalatok eredményeinek értékelését megnehezité variaciok csokkentése
érdekében ugyanannak a termékcsaladnak kétféle eldre gorbitett elektrodasorral rendelkezd
implantatumtipusat valasztottuk a vizsgalatunkhoz. Munkacsoportunk rendszeresen
alkalmazza a Cochlear™ Nucleus® Profile termékcsalddot, és széleskorii tapasztalatra tett
szert mindkét perimodiolaris elektrodaval. A termékcsalad tagjai csupan az elektrédasor
tipusaban kiilonboznek, az implantatumtestben elhelyezkedd elektronikai egység azonos. A
Slim Modiolar a jelenleg elérhetd egyik legvékonyabb elektrodasor, amely ,,closed-market
release” keretében a Szegedi Tudoményegyetem Fiil-Orr-Gégészeti és Fej-Nyaksebészeti
Klinikdjan keriilt beiiltetésre elséként, 2015 novemberében. A Contour Advance®
elektrodasor mind az apikalis, mind a bazalis atmérdjében (a: 0,5 mm, b: 0,8 mm)
szignifikansan vastagabb a Slim Modiolar elektrodasor atmérdinél (a: 0,4 mm, b: 0,5 mm) és

az egyes elektrodak aktiv feliilete nagyobb, mint a Slim Modiolar elektrodake [32, 33]. Mivel

az ingerl6 elektrodak felszine és az ellenallas kozott forditott aranyossag all fenn, valamint az
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ingerd elektrodak és a célzott idegelemek (modiolus, ganglion spirale) kozotti tavolsag
egyenesen aranyos a kozeg elektromos ellenallasaval, ebbdl az kovetkezik, hogy ha a kisebb
felszinli elektroddk kisebb toltésmennyiséggel képesek lehetnek kivaltani hasonld mértékli

akcios potencialt, akkor kozelebb kell lenniiik a stimulalt struktirahoz.

Munkacsoportunk korabbi, nagy esetszdmon elvégzett elektrofiziologiai vizsgélatainak
eredményei arra utalnak, hogy ugyanazon elektronikai egység mellett a Slim Modiolar
elektrodasor (CI532 tipust implantadtum) még alacsonyabb aramerdsségli impulzusok mellett
is képes idegi valaszt, akcios potencialt generdlni, mint a Contour Advance elektrédasor
(CI512 tipusu implantatum) [34, 35]. Vizsgalatunk célja annak megallapitasa volt, hogy a
fenti elonyos elektrofiziologiai tulajdonsagokbol levont kovetkeztetést alatdmasztjak-e az
implantatum energiafelhasznalasi mutator és a posztoperativ képalkotd vizsgalatok

eredményei.

Anvyag és mbdszer

Az els6 54, CIS32 és az els6 54, CIS12 késziilékkel implantélt esetiinket vizsgaltuk. A
betegcsoportok demografiai jellemzait a 1. tablazatban tiintettiik fel.

I. tablazat: A vizsgalatba bevont betegek demografiai adatai

Betegcsoport CI532 CI512

Az implantatum tipusa Cochlear Nucleus CI1532 | Cochlear Nucleus CI512

Az elektroda tipusa Slim Modiolar Contour Advance
(vékony perimodiolaris) (vastag perimodiolaris)

Betegszam 46 45

Implantalt fiilek szdma 54 54

Eletkor (év) 25.17+26.29 20.80+25.87

Nem (férfi/nd) 25/29 23/31

Siketség id6tartama (év) 2.94+7,46 3.06+£9.34

Siketség oka
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velesziletett 29% 28%

progressziv 22%, 26%
ismeretlen 16% 28%
egyeéb 33% 17%

A mitéteket két, cochlearis implantacidban jartas, tapasztalt flilsebész végezte el a
nemzetkozileg leginkabb elfogadott ¢€s elterjedt modszerrel, posterior tympanotomias
feltarasbol, ,,soft surgery” technikaval a Szegedi Tudomanyegyetem, Szent-Gyorgyi Albert
Klinikai Ko6zpont Fiil-Orr-Gégészeti ¢és Fej-Nyaksebészeti Klinikan. Az elektrédasorok
bevezetése a kerek ablak fiilkéjét (fossula fenestrae cochleae) képezd csontos strukturdk
elvétele utan a kerek ablakon keresztiil, vagy jarulékosan a kerek ablak -eliils6-also

csontszélének elfurasat kovetden, Un. kiterjesztett kerek ablaki behatolasbol tortént.

Az elsd posztoperativ napon protokollunknak megfelelden digitalis rontgenfelvétel késziilt
Stenvers-nézetben [36] a beliltetett implantditum helyzetének meghatdrozasa céljabol.
Jellemeztiik az elektrodasor és a modiolus viszonyat: a 3. dbrdn feltiintetett modon a
modiolus tengelyére allitott merdleges egyenesen megmértiik az elektrodasor altal leirt hurok
cochledn beliili legnagyobb atmérdjét. Osszehasonlitottuk az elektrodahurkok ezen atmérdit a

két betegcsoportban. A statisztikai értékelést kétmintas t-probaval végeztiik.

A belltetést kovetden két honappal, ugyanannak a beszédprocesszornak (Cochlear™
Nucleus® CP910) az alkalmazéasa mellett, a késziilék beprogramozasa utan megbecsiiltiik a
kétféle perimodiolaris elektrodasorral rendelkezd implantatum energiafelhasznalasi mutatoit a

Cochlear™ Custom Sound® Suite 4.4 verzioju szoftverrel.

Eredmények

A posztoperativ rontgenfelvételeken a CI532 betegcsoportban az elektrédahurok cochlean
beliili atlagos atmeérdje 4,2+0,5 mm SD, mig a CI5S12 betegcsoportban 4,9+1,1 mm SD
(kétmintas t-proba: p= 0,00136) (3. abra).

Egyik paciensiink esetében két kiillonbozo elektrodasorral végeztiink szekvencidlis bilateralis

implantaciot: jobb oldalra CI5S12 tipust, bal oldalra CIS32 tipust implantatumot iiltettiink be



O ~J o Ul W

U OO U OO DB DSBS DEDSEDWWWWWWWWWWNNNNNONNNNONNNNER R R RRP R R PR RE
O ~JoUudh WNDRFRPOWOJoOYUDd WNERPRP OOWOJoOUd WNEFPF OWOWOO IO Uuhd WNEFP O WOWwJoy Ul idbhWNREFE O

59
60
61
62
63
64
65

masfél év kiilonbséggel. Az elektrodak perimodiolaris elhelyezkedését talaltuk mindkét
oldalon, ugyanakkor a Slim Modiolar elektrodasornak kisebb a cochlean beliili

hurokétmérdje.

Tip fold-overt a vizsgalt 108 esetiinkben nem talaltunk.

Contour Advance elektrédasor Slim Modiolar elektrédasor
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3. dbra: Perimodiolaris elektrodasorok helyzete a cochlean belill, ugyanannal a

paciensnél, szekvencialis cochlearis implantaciét kovetden, Stenvers-szerinti
rontgenfelvételeken. A jobb és a bal oldali cochlea szabélyos alaku €s azonos méretii, amit
az implantaciokat megeldzden késziilt CT-vizsgalaton ellendriztiink. A jobb cochleaba a
vastagabb elére gorbitett stimuldlod elektrodasor (Contour Advance), a bal cochledba a
veékonyabb eldre gorbitett elektrédasor (Slim Modiolar) keriilt. A szaggatott fekete

vonalak az elektrodasor altal a cochledn beliil leirt hurok legnagyobb atmérdjét mutatjak.

Az “Auto power” szint szignifikansan alacsonyabbnak bizonyult a CI532 betegcsoportban
(44,81£5,05%), mint a CI512 betegcsoportban (50,8548,35%) (p<0.05). Nagyobb
»maxima” értékek (7,50+£0,87 vs. 6,56=1,02) mellett is hosszabb az akkumulator becsiilt
Leletideje” (napi élettartama) a vékonyabb perimodiolaris elektrodasor esetében (II1.

tablazat).

III. tablazat: Ugyanannak az implantaitumcsaladnak vékonyabb (Slim Modiolar) és vastagabb
perimodiolaris  (Contour Advance) elektrodasoraval rendelkez6 implantdtumanak

energiafelhasznaldsi mutatdi ugyanazzal a tipusu beszédprocesszorral
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Slim Modiolar Contour Advance
elektrodasor (Ci532) elektrodasor (CI512)
44,81 + 5,05 % Auto power * 50,85 + 8,35 %
7,5+20,87 Maxima 6,56 + 1,02
43,25+ 8,46 h Battery * 40,04 £ 6,48 h
19,56 + 1,82 h Standard accu. * 18,04 + 2,52 h
11,5+ 1,15 h Compact accu. * 10,58 + 1,51 h

Autopower: A késziilékprogramozashoz sziikséges gyarto1 szoftver lehetové teszi a
teljesitmény automatikus vagy manualis konfiguradlasat minden egyes paraméterezett
beallitashoz, ugynevezett MAP-hez. Ajanlott az Auto Power funkcié hasznélata minden
lehetséges esetben, amely hozzajarul a hangprocesszor teljesitményszintjének automatikus
optimalizalasahoz. Miutan meghataroztuk az egyes késziilékbeallitaishoz sziikséges

paramétereket, gy az automatikusan szamitott teljesitményszint megjelenik a MAP-eken.

Maxima: A maxima érték az egyes beszédkodolasi stratégiak paramétere (SPEAK, az ACE™
¢és az MP3000™), amely az audio jel azon spektralis felbontas utan frekvenciatartomanyaira
utal, amelyek a legnagyobb hangerdsséggel rendelkeznek. Ez az érték adja meg az adott
jelhez kivalasztott maximaértékek szamat, tehat adott iddpillanatban a maximaértéknek

megfeleld szamu legnagyobb hangerdsséggel biro, aktiv elektrodak szamat.
Battery: hagyomanyos elem, vagyis ketté darab 675 tipusszamu, 1,45 V gombelem
Standard accu: hagyomanyos akkumulator

Compact accu: kompakt akkumulator, kisebb a hagyomanyos akkumulatornal
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Megbeszélés

A nagyfoku hallascsokkenésben szenvedd paciensek (re)habilitacidjara tobb gyarto kiilonféle
elektrodasorokkal ellatott cochlearis implantatuma all rendelkezésre. A hallas(re)habilitacio
eredményeire kihat a készilék és az elektroda egyénre szabott megvalasztasa. A
perimodiolaris elektrodak modiolushoz minél kozelibb elhelyezkedésének fontossagara hivja
fel a figyelmet Holden és munkatarsainak 2013-ban publikalt eredménye, amely szerint a
paciensek hangélményének és beszédértésének mindsége els6sorban nem a bevezetett
elektrodasor hosszatol, illetve a bevezetés mélységétdl fiigg, hanem az elektrodasor

modiolushoz viszonyitott helyzetétol [15].

A Contour Advance olyan elére gorbitett elektrédasor, amelyet belsé fém vezetdszal
segitségeével, kiegyenesitett allapotban vezetiink be a cochlea scala tympani jaratdba. Az
»advance off-stylet” technika jelentds eredményeket hozott az endocochlearis struktarak
sériilésének csokkentésében, ez az elektrodasor a vastagsaga €s a fém vezetdszal miatt mégis
nagyobb aranyban okoz sériilést, mint a vékonyabb egyenes elektrodasorok [2]. A cochleaban
okozott sériilések csokkentése céljabol fejlesztettek ki a szintén eldre gorbitett, vékony ¢és
kevésbé merev Slim Modiolar tipusii perimodiolaris elektrodasort, amelyet kiilsd
vezetOhiively segitségével vezetink be a cochleaba. Az utébbi a scala tympani
folyadékterébdl jelentosen kisebb volument foglal el a vastagabb elektrédasorhoz képest, és
azt is dontdéen a bazalis membran csontos része alatt, ami kevésbé zavarja a cochlea
hidrodinamikai miikodését. Fontos ez a korilmény a mitét eldtti hallasmaradvany

megOrzésének lehetdsége szempontjabol [14].

A pacienseinkrdl rendelkezésre allo posztoperativ digitalis rontgenfelvételekrdl hataroztuk
meg a stimulalo elektroddk cochlean beliili helyzetét. Cone-beam CT-vel (2. dbra), rotacids
tomografiaval vagy vékony szeletes CT-vizsgalattal részletgazdagabb képeket, ezaltal az
egyes esetekben pontosabb tdvolsdgmérési adatokat kaphatnank [24-27], ezeknek a
vizsgalatoknak lényegesen nagyobb a pacienst érintd sugarterhelése (effektiv dozisa), mint a
koponya rontgenfelvételeké, és korlatozottabban juthatunk hozzajuk a mindennapi ellatasban.
Ugyanakkor a standardizalt protokollnak kdszonhetéen a direkt digitalis rontgenfelvételeken
[35] i1s jol megallapithatd a kiilonbozd elektrodakkal implantalt betegcsoportok kozotti
kiilonbség, nagy esetszam mellett. Stenvers-felvételen a centralis sugarnyaldb a cochledan

hatol keresztiil, igy a rontgentechnika sajatossagaként ismert nagyitas és torzitds szerepe
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minden vizsgalatnal csak egyforman kis, gyakorlatilag elhanyagolhatd mértékben jelentkezik.
A szummdci6 szintén elhanyagolhatdo a fém (elektroda), a csont és a lagyrészek eltérd
sugarelnyeld képessége miatt. A paciensek életkorbeli kiillonbségei a képalkotd vizsgalatok
szempontjabol elhanyagolhatdk, mivel a belsé fiil méretei mar a sziiletéskor megegyeznek a

felndttkori méretekkel [37—39].

Fenti vizsgalatainkkal szignifikans kiilonbséget talaltunk a kétféle perimodiolaris elektrodasor
cochlean beliili hurokdtmérdjében és az energiafelhasznalasi mutatokban, a vékonyabb

elektrodasor javara.

Konklazid

Képi diagnosztikai modszerrel, nagy esetszamon megallapitottuk, hogy ugyanazon
termékcsalad  vékonyabb  perimodiolaris elektrodasora a vastagabb perimodiolaris
elektrodasornal szignifikansan kozelebb keriil a modiolushoz. A CI532 energiafelhasznalasi
mutatoi jobbak a CI512 mutatoindl, tehat a vékonyabb perimodiolaris elektrodaval
alacsonyabb energiafelhasznalas mellett is ugyanolyan hatékonyan stimuldlhaté a halloideg

(lasd III. tablazat).

Az elektrodasor megvalasztasanak fontos szempontjait (hallasélmény, beszédértés javitasa,
hallasmaradvany megdérzése) figyelembe véve munkacsoportunk a perimodiolaris
elektrodasorok koziil a vékonyabb perimodiolaris elektrodasor alkalmazasat tartja

megfelelonek és kivanatosnak.
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A modern fiil-orr-gégészetben a pontos diagnozis és a korrekt mditéti tervezés alapja a részletes vizualizaciot eredmé-
nyezd képalkotds. A csontos keretbe zart struktarakat gyakran vizsgdljak komputertomografidval. Az ionizalé sugar-
zds veszélyeit figyelembe véve az ismételt vizsgalatok hatvinyozottan novelik a sugirérzékeny szovetek kirosoddsinak
kockazatat. A szerz6k osszehasonlitjak a hagyomanyos és a cone-beam komputertomografiit, és bemutatjik a cone-
beam komputertomogrifia fiil-orr-gégészeti képalkotisban betsltott helyét, elényeit és korldtait. Osszefoglaljik a
nemzetkozi szakirodalombdl és sajat betegeik vizsgalatabodl szirmazé tapasztalataikat. Eredményeik szerint a hagyo-
mdnyos komputertomografia effektiv sugardozisanak toredékével nagy térbeli felbontdst vizsgilatok végezhetdk tet-
sz6leges sikua és térbeli rekonstrukciokkal. A cone-beam komputertomografia megfelel indikdciéban kivalo vizsgalo-
mobdszer a fiil-orr-gégészeti diagnosztikiban. Lényegesen alacsonyabb sugirterhelése miatt a hagyomdnyos
komputertomografia alternativdja, valamint a per- és posztoperativ betegkovetés hatékony eszkoze is lehet, kiilono-
sen az ismételt komputertomogrifids vizsgalatot igényl$ esetekben. Orv. Hetil., 2016, 157(2), 52-58.

Kulcsszavak: fiil-orr-gégészet, képalkotas, cone-beam kumputertomografia, sugarterhelés, sziirke hilyog

Role of cone-beam computed tomography in diagnostic otorhinolaryngological
imaging

Accurate diagnosis and preoperative planning in modern otorhinolaryngology is strongly supported by imaging with
enhanced visualization. Computed tomography is often used to examine structures within bone frameworks. Given
the hazards of ionizing radiation, repetitive imaging studies exponentially increase the risk of damages to radiosensi-
tive tissues. The authors compare multislice and cone-beam computed tomography and determine the role, advan-
tages and disadvantages of cone-beam computed tomography in otorhinolaryngological imaging. They summarize
the knowledge from the international literature and their individual imaging studies. They conclude that cone-beam
computed tomography enables high-resolution imaging and reconstruction in any optional plane and in space with
considerably lower effective radiation dose. Cone-beam computed tomography with appropriate indications proved
to be an excellent diagnostic tool in otorhinolaryngological imaging. It makes an alternative to multislice computed
tomography and it is an effective tool in perioperative and postoperative follow-up, especially in those cases which
necessitate repetitive imaging with computed tomography.

Keywords: otorhinolaryngology, diagnostic imaging, cone-beam computed tomography, radiation exposure, cata-
ract
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Roviditések

ALARA = (as low as reasonably achievable) észszertien elérhetd
legalacsonyabb érték; CBCT = cone-beam komputertomogra-
fia; CT = komputertomografia; DICOM = (digital imaging
and communications in medicine) digitilis képkezelés és kom-
munikdcié az orvostudoményban; DVT = digitélis volumento-
mografia; FESS = funkcionilis endoszképos orrmellékiireg-
mtét; HU = Hounsfield-egység; MRI = magneses rezonancids
képalkotis; MDCT, MSCT = multidetektoros, multislice kom-
putertomogrifia (egymds szinonimai)

A modern fiil-orr-gégészetben a pontos diagnozis és a
korrekt matéti tervezés alapja a részletes vizualizaciot
eredményezd képalkotas. A csontos keretbe zart strukta-
rikat gyakran vizsgaljuk komputertomogrifiaval. A ha-
gyomdanyos rontgenfelvételek a modszerbdl ad6dé alap-
vetd hatranyos tulajdonsagok miatt, a részletes anamnézis
és klinikai tiinetek ismeretében — kevés eset kivételével —
ma mar nem tarthaték megfelelének, mert nem visznek
kozelebb a diagnoézis felallitdsahoz és a valasztandé tera-
pidhoz.

A CBCT vagy mas néven digitilis volumentomografia
az Eurépiban 1996-ban torténd bevezetése ota jelentds
fejl6désen ment keresztiil. A késziiléket eredetileg foga-
szati (kifejezetten az implantolégiai) képalkotas céljabol
fejlesztették. A cél az volt, hogy alacsony sugarddzissal
késziiljenek igen részletgazdag, a hagyomanyos CT mi-
nGségével osszevethets — vagy akdr anndl jobb — min&sé-
gli képek az alsé és felsé dllcsontrél. Elényos tulajdonsi-
gai miatt a fogdszati alkalmazis mellett elterjedt a
moédszer mds szakteriileteken, igy a ful-orr-gégészeti
képalkotdsban is. Ma Magyarorszagon egyre tobb fogi-
szati képi diagnosztikaval foglalkozé ellitéhelyen 4ll ren-
delkezésre. Habdr a modern gépek egy része alkalmas
fiil-orr-gégészeti struktarak vizsgilatira, az egészségbiz-
tositasi finanszirozas hidnya eddig nem tette lehetévé a
modszer széles kord elterjedését a magyarorszagi fiil-orr-
gégészeti képalkotdi gyakorlatban, annak ellenére, hogy
szamos esetben el6nyGsebb lenne a hagyomdanyos CT-
vizsgalatnal.

Mobdszer
Mitkidés: ely

A CBCT-késziilék is — a hagyomanyos MSCT-hez ha-
sonldan — egy rontgensugarforrasbol és egy vele szem-
ben elhelyezkedd, kényszerkapcsoldsban 1év6 detektor-
bol all [1, 2]. A sugarforras és a detektor, a felvétel
beallitdsatdl fiiggden, 740 masodperc alatt végez egy
teljes korfordulatot a paciens fejének axidlis tengelye ko-
ril [1, 2]. Ekozben kap (angolul cone — kap) alakban
széttéré rontgensugdrnyalabja (angolul beam — sugdr)
ugynevezett flat panel sikdetektoron kétdimenzids szum-
miciés képek sorozatat rogziti a teljes céltérfogatrol.
A céltérfogatot a képmez§ széleinek megjelolésével — 1¢é-
zerfény és alacsony sugardozist, kétdimenzids rontgen-
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felvétel segitségével — allithatjuk be a beteg fejének meg-
felel§ poziciondliasa mellett. Léteznek kis, kozepes és
nagy képmez6 (Ggynevezett field of view) beallitasara
alkalmas késziilékek. Fil-orr-gégészeti képalkotas célji-
bol a nagy képmezejl késziilékek javasolhatok, hiszen a
sugarforrds egy korbefordulasaval leképezhet$ velik a
teljes arckoponya. A szummaciés képekbdl késziil speci-
alis algoritmus segitségével, rekonstrukcié atjan a 3D
képi adatbézis [1, 2]. Tehdt az egyes szeletek kozott
nincs 1éptetés, igy nem keletkezik informacidveszteség.

A késziilék

A hagyomanyos CT-késziilékekhez képest a CBCT-ké-
sziilékek joval kisebb helyigény(, kompakt, joval olcs6b-
ban beszerezhetd és olcsdbban fenntarthaté késziilékek.
Egy vizsgalat fajlagos koltsége lényegesen kisebb. El6-
nyos tulajdonsdgai mind segithetik az elterjedését.

A betegpozicionalds a késziilék tipusatdl fiigg: A be-
tegvizsgalat a modern késziilékek tobbségével il6 hely-
zetben torténik, de léteznek olyan késziilékek is, ame-
lyekkel 4116, esetleg haton fekvd helyzetben vizsgalhatunk.
A vizsgilat ideje alatt a betegnek a fejét mindvégig moz-
dulatlanul kell tartania, chhez segitségiil szolgal az alltd-
masz és a felhelyezett homlokpant. Ha a beteg nem ko-
operdl, megmozditja a fejét, a felvétel a mozgis
eredményezte mtitermék miatt életlen, ezéltal értékelhe-
tetlen lesz. A szerzSk tapasztalata szerint azonban mar 5
éves gyermekek is egytittmikoddk, igy alkalmasak lehet-
nek a vizsgalatra. Léteznek intraoperativ vizsgalatra al-
kalmas mobil késziilékek is.

A CBCT-vel végzett vizsgilatok szdmos elénnyel ren-
delkeznek: A képek apré térfogatelemei, az tigynevezett
voxelek a korabbi CT-berendezésekkel késziilt képszele-
tek hasdb alakt voxeleivel ellentétben egyenlé oldalhosz-
sztsaguak (izotropikusak), azaz kocka alaktak. (A voxel
[a név a ,volume pixel” roviditésébdl szarmazik] egy
haromdimenziés kép legkisebb megkiilonboztethetd
egysége, amely mindharom tengely mentén kiterjedéssel
bir.) A voxelek oldalhosszisiga a késziilék paraméterei-
t6l és a telvétel beallitasitdl fiiggben igen rovid, szubmil-
liméteres (akir 0,075 mm) lehet, igy nagy felbontassal,
Hlépcsomiitermék” nélkil készithetd nemcsak konvenci-
ondlis axidlis, coronalis és sagittalis, hanem barmilyen
egyedi sika rekonstrukcié, valamint felszini és térfogat-
rekonstrukci6é [1]. Legaldbb olyan j6 térbeli felbontds
érhetS el, mint multislice CT-vel, de a multisclice CT
sugardézisinak toredékével [3]. Bedllithaté a képmezd
nagysaga (atmérdje és magassiga), a felbontds (a voxelek
oldalhossztsaga) és a koriilforduldsi id6, valamint az ex-
pozicidszam megvalasztisaval a vizsgilat idGtartama is
befolyasolhat6. Mindezek az allithatdé paraméterek
egylittesen hatirozzdk meg a képmin&séget és a sugar-
dézist. Emellett a késziilékekben sugirdozis-modulild
alkalmazas is megtalalhat6, amely észszerd keretek ko-
Zott tartja a vizsgélati opcidkat. Igy példaul nem készit-
hetiink nagy képmezével (példdul 23 cm magassag, 16
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cm atmérd) nagy felbontast (0,1 mm) felvételeket. A
maxilla, mandibula és a haldntékcsont nagy felbontassal
abrizolhato6 [4]. CBCT-vel a fémek (példaul fogkorona,
fogtomések, cochlearis implantatum, kozépfil-implanti-
tum, csontrogzité fémek) koril kevesebb mdtermék ke-
letkezik, mint hagyomédnyos CT-vel [5]. Tovabbi elényt
jelent, hogy a szolgaltatdk a vizsgalatokat rogzits adat-
hordozén (CD vagy DVD) mellékelnek olyan képnéze-
get6 szoftvert, amely segitségével az utdlagos rekonst-
rukcidkat rovid elméleti és gyakorlati Gtmutatast
kovetSen barki konnyen elkészitheti, akdr sajat személyi
szamitogépen is. A képi adatbazis elmenthet6 DICOM
formidtumban, igy mas képnézegets szoftverekkel is
konnyen kezelhetd.

Az elényos tulajdonsagok mellett szimolnunk kell a
vizsgilati technikdbol adéddan bizonyos hitranyokkal is:
Az MSCT-nél lényegesen kisebb sugarterhelés ara a na-
gyobb szérddas, a rosszabb jel-zaj ardny és gyengébb
szoveti felbontds is. Tipikus denzitdsértékek nem adha-
ték meg pontosan, igy nem alkalmazhaté a Hounsfield-
skala. Helyette a sziirke arnyalatok kontrasztja és fény-
ereje hatirozza meg a képmegjelenést.

A CBCT a kivalo6 csont—nyalkahartya—levegs kontraszt
révén leginkibb csontvizsgilatra alkalmas, azonban a
gyenge ligy szoveti felbontoképessége miatt lagyrész-el-
valtozasok szoveti differencidldsira nem [1, 2, 5].

Fiil-orr-gégészeti vonatkozasban az eljaras alkalmas le-
het az orrmellékiiregek, sziklacsont, illetve a garat légsav
kortli lagy részei térfogatanak és alakjanak vizsgilatira,
hiszen itt a sziikséges kontrasztot a levegd vagy annak hi-
dnya biztositja [2, 5]. Tumoros, gyulladisos vagy hemato-
logiai lagyrész-infiltricié esetén hagyomanyos CT- vagy
MR-vizsgalat végzend6 [5]. Kontrasztanyag alkalmazasa-
val egyel8re nem torténtek rutinszert vizsgalatok [6].

Eredmények

Sugarterbelés

A tobbszori ismételt, sugarterheléssel jaré koponyavizsga-
latok redlis veszélye az irreverzibilis szemkarosodds, gene-
tikai rendellenesség és a sugarérzékeny szovetek — példaul
a szemlencse, a pajzsmirigy, a nyalmirigyek, a csontveld és
a bdr — rosszindulatd daganatinak kialakuldsa.

A szemlencse az egyik legsugirérzékenyebb emberi
szovet. A Nemzetkozi Sugarvédelmi Bizottsag 1990. évi
llisfoglaldsa szerint 0,5-2,0 Sv egyszeri és 5,0 Sv frakci-
ondlt sugidrdo6zis mér észlelhetS szemlencsehomdlyt, 14-
tasvesztést okoz [7]. Osszehasonlitisképpen egy tenge-
rentdli reptléat 0,05 mSv, egy mellkasrontgen 1 mSv,
egy nativan és kontrasztanyaggal végzett koponya CT-
vizsgilat 4 mSv sugdarterheléssel jar. Ugyanakkor a deter-
minisztikus hatdssal ellentétben szdmos epidemiol6giai
és kisérletes vizsgalat a sztochasztikus hipotézis mellett
all ki, amely értelmében madr joval alacsonyabb sugirdé-
zisok is okozhatnak sziirke halyogot, kiiszobsugardézis-
tol figgetlendl [8]. Egy kozelmultban megjelent, nagy

betegpopulacion végzett retrospektiv vizsgilat szerint
minél tobb fej-nyaki CT-vizsgilaton vesz részt egy be-
teg, annal nagyobb az esélye a sziirke halyog kialakuldsi-
ra, tovabba mar 4 koponya CT-vizsgalatot kovetSen a
sziirke halyog kialakulasanak szignifikinsan nagyobb
kockazataval kell szamolni [9].

A CBCT-technika lehetévé teszi a vizsgilt személyt
érd sugardozis csokkentését. A vizsgilat sordn a sugar-
nyalab 360° vagy kisebb szogértékkel korbefordul a be-
teg koril. Az effektiv dozis jelent&sen csokkenthetd az-
zal, ha a sugarnyalib csak fél fordulatot (180°) tesz,
tovabbd ha nem exponal folyamatosan, csak bizonyos
szogértékeknél. Minél kisebb felbontassal dolgozunk,
annal kevesebb szogértéknél torténik expozicio, igy a su-
garterhelés mértéke is csokken. TObb szerz6 is publikalt
dozimetriai eredményeket, amelyeket az alabbiakban
részleteziink.

Kei és mtsai szerint bar a CBCT képmindsége altala-
nossagban gyengébb, de az orrmellékiiregek és a csontos
struktardk vizsgalatira megfelels, és a szemlencsét éré
atlagos sugarterhelés 25%-kal alacsonyabb a multislice
CT-vel végzett vizsgilatokhoz képest [10]. Alspaugh és
mitsai CBCT-vel és 64 szeletes MSCT-vel végzett orr-
mellékiireg-vizsgilataik sordn azt talaltak, hogy izotropi-
kus térbeli felbontas mellett az effektiv dézis CBCT-vel
0,17 mSv, mig 64 szeletes CT-vel 0,87 mSv (tehat
CBCT-vel az effektiv dézis az 6tdodére csokkent) [11].

Daly és mtsai mérései [12] szerint a 16 cm-es képme-
z6vel végzett koponya-CBCT effektiv dézisa 0,1-0,35
mSyv, attdl fiiggben, hogy csontra vagy ligy szovetekre
optimalizalt paraméterekkel végezték a vizsgalatot. Ezzel
szemben multislice CT-vel végzett nativ koponyavizsga-
lat effektiv dézisa lényegesen nagyobb, 1-2 mSv volt
[13]. Alspaugh és mtsai mérései [11] szerint a CBCT-vel
végzett orrmellékiiregi képalkotd vizsgélat effektiv dozi-
sa kortilbeliil 0,2 mSv.

A késziilékfejlesztés irdnya a térbeli felbontas tovabbi
novelése annak érdekében, hogy még kisebb anatémiai
(dontSen csontos) struktarak is jol abrazolhatok legye-
nek. Ugyanakkor ahhoz, hogy a nagy felbontis mellett a
sugardozis is alacsony maradjon, érdemes meghatirozni
a részletgazdag felbontist igénylS céltérfogatot, amely
aztan kis képmezdvel vizsgalhatd. Ha sziikséges, a céltér-
fogat meghatarozisihoz végezhetiink el6zetes tajéko-
z6d6 vizsgilatot nagyobb képmezével és kisebb felbon-
tassal, majd ezt kovetGen donthetiink arrél, hogy
sziikséges-e nagy felbontasu vizsgilatot végezni. Minden
esctben az ALARA-elvet kell alkalmaznunk, azaz a su-
garterhelést az észszertien elérhetd legalacsonyabb szin-
ten kell tartani!

A CBCT részletes fiil-orr-gégészeti alkalmazasi lehe-
t6ségeit sajit beteganyagunkon mutatjuk be. Vizsgalata-
inkat a mindennapi betegellitisban mutkodtetett, Gen-
dex CB-500 tipust késziilékkel (amelyet elsGsorban
fogaszati-implantologiai  képalkotasra fejlesztettek ki)
végeztiik. A késziilék alapbeallitasait a célteriiletre adap-
tilva, egyénileg dllitottuk be.
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Vizsgalati teriilet, korképek
Orr- és orrmellékiivegek

A konzervativ kezelésre (orrmosis, lokilis szteroid, anti-
biotikum) nem javulé idiilt rhinosinusitis orrpoliposissal
vagy orrpoliposis nélkiil matéti kezelést igényelhet. Az
orrmellékiiregi mutétet az iranyelvek szerint nativ CT-
vizsgalatnak kell megel6zni. Perzisztilé vagy visszatérd
panaszok esetén a terdpia hatékonysiginak megitélésére,
Gjabb statusz rogzitésére vagy ismételt miitétek tervezé-
sére Ujabb és Gjabb képalkotd vizsgalatok valhatnak
szitkségessé. Az ostiomeatilis egység hagyomanyosan
legkdonnyebben a coronalis sikban késziilt képi metszete-
ken itélhet§ meg. Ilyen metszetsikok nyerhet6k az elséd-
legesen coronalis sik(i adatgytjtéssel vagy a konvencio-
nalisan axialis sikban elkésziilt képanyag coronalis sika
rekonstrukcidjaval (1. abra). A mtét elbtti tervezésben
¢és mutét kozben idedlis, ha mindhdrom sikot egyszerre
lathatjuk. A CBCT eldnye itt is szembetind: Alacsony
sugdrdozissal jutunk hozza nagy felbontasa képsorozat-
hoz, amely barmilyen sikban rekonstrualhaté és egyide-
jlileg megjelenithetd, és legalabb olyan jél vizsgilhatok
az orrmellékiiregek, mint hagyomanyos CT-vel. A kivilo
csont—-nyalkahartya—levegs kontraszt révén értékelhetd
az tiregek anatémidja és légtartalma. Kimutathaté (leg-
alabb olyan jol, mint multislice CT-vel) valadék jelenléte,
a nyalkahdrtya megvastagodasa és az orrmellékiiregi sza-
jadékok elzdrddasa [5] és idegentest jelenléte (2. dbra).
Teljes topografiai értékelés végezhetd, azonban nem kii-
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l6nithets el egymastdl — a kontrasztanyag nélkil végzett
CT-vizsgilathoz hasonldéan — az egynemd, teljes, hipo-
denz kitoltottségen beliil a nydlkahdrtya megvastagoda-
sa, a nyalkahartyaciszta, a polip és a valadékretencio.

A CBCT az odontogén gyulladidsos gocok felfedezé-
sében érzékenyebb az MSCT-nél. A nagy térbeli felbon-
tds, a sugdrelnyelS szovetek idedlis fényerGkontrasztos
megjelenése, valamint a technikdbdl adédodan kevésbé
jelentkezé sugarfelkeményedési mitermékek révén bete-
kinthetiink a foggyokerekbe, igy felfedezhetiink jarulé-
kos vagy szamfeletti gyokércsatornakat, elégtelen vagy
hidnyz6 fogtoméseket, foggyokérfisztulikat, eszkozos
perforaciokat, endo- és periodontalis eltéréseket [5].

Nyalmirigyek

CBCT-vel nagy szenzitivitissal és specificitassal mutatha-
tok ki a sugarelnyel$ nyalmirigykovek. A megmért kovek
nagysiga alig tér el az ultrahangos és a hisztomorfologiai
mérések eredményétsl. A kockazat-haszon arany magas,
mivel jelentSs diagnosztikai informdciét kapunk kis su-
gardozissal [14].

Halantékesont: kozép- és belsofiil

A CBCT prototipusaval 2004-ben végzett klinikai vizs-
galat mar ramutatott, hogy a haldntékcsont finom csont-
szerkezete jobban vizsgilhaté CBCT-vel, mint hagyo-
manyos CT-késziilékekkel [15]. Jol dbrizolhat6 a
hall6csontlancolat, a labyrinthus csontos tokja és az arc-

1. dbra

Az orrmellékiiregek CT-vizsgilata. Az ostiomeatilis egység a coronalis sikban vizsgalhaté a legjobban. Az MSCT axidlis szeletei 2,5 mm-es szeletvas-

tagsaggal (40 szelet), mig a CBCT 0,3 mm-es szeletvastagsaggal (368 szelet) késziiltek. A szeletszimok, valamint az MSCT és a CBCT voxeleinek
cltérd tulajdonsdgai alapjin érthetd, hogy a primeren axiilis szeletekbdl készitett coronalis skt MSCT-rekonstrukcié miért ,,lépes@s” vagy ,,pixeles” a
CBCT-vel ellentétben. A) Axidlis sikt MSCT. B) Coronalis stk MSCT-rekonstrukcié. C) Sagittalis sikd MSCT-rekonstrukcié. D) Axidlis stk CBCT.

E) Coronalis sikd CBCT. F) Sagittalis stkt CBCT
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Letort foggyokér és gyulladdsos jelek a bal arciiregben. CBCT, 0,3 mm oldalhosszasagt voxellel, panordmarekonstrukciéval. A panoramarekonstruk-

ci6on (A) lithat6 a bal arciireg részleges fedettsége és benne a hidnyz6 25. fog arciiregi folytatdsanak megfeleld vetiiletben egy foggyokérdarab. A ha-
rom sikban dbrdzolt cone-beam CT-felvételen megadhaté a bal arciiregben 1év6 foggyokérdarab pontos helyzete is. B) Axidlis sik. C) Coronalis sik.

D) Sagittalis sik

ideg csontos csatorndja [4] (3. 4bra). Cochlearis implan-
tacio esetén kevesebb fém mitermék képzddése mellett
meghatarozhaté az elektroda és a belsG egység pontos
helyzete [4].

A pars petrosa jol pneumatizilt kozépfil esetén leg-
alabb olyan jol vizsgilhatd, mint nagy felbontasa CT-vel.
CBCT-vel akir 0,075 mm-es szeletek rekonstrualhatok,
ami a hallécsontlancolat még pontosabb képét mutatja.
(Ez fontos hall6csont-ldncolati/stapes fixacio, megsza-
kadds vagy otoscleroticus goécok esetén.) A CBCT elég
informdciét nydjt ahhoz, hogy diagnosztizalhassuk a
bels6fiil malformatioit, dysplasidjat, traumds sériiléseit és
a csontos labyrinthus vékony falinak er6zi6jat vagy hid-
nyat [5]. A sebészeti szempontbdl kiemelt struktarak
legalabb olyan jol lithaték, mint multislice CT-vel [16,
17]. Szovettanilag aktiv otoscleroticus gécok 100%-os
szenzitivitassal kimutathatok CBCT-vel [18, 19].

A CBCT jol hasznilhaté tympanoplasticat és a hallo-
csontlancolat helyreallitasat kovetd kontrollra, residualis
csont-1égkoz okinak megallapitasira [5].

Idilt kozépfiilgyulladasban, a pars petrosa és a kozép-
fiil kitoltottsége esetén cholesteatomit vagy szovédmé-
nyeket fedezhetiink fel — a multislice CT-vizsgalathoz
hasonléan —, amelynek diagnosztikus alapjat a kornyezé
csontos struktirak destrukcidja — tipikusan a scutum
tompava valdsa — jelenti, nem pedig az elvaltozasok mér-
het6 denzitisértékei [5]. Tapasztalatunk szerint a kiilsG

3. 4dbra

A kozép- és bels6fiill CBCT-rekonstrukcidi, 0,2 mm-es szelet-
vastagsig. Cochlearis implanticiot megel8z8 kivizsgalasi proto-
koll része a kozép- és belséfiil nagy felbontist CT-vizsgilata.
A CBCT jobb térbeli felbontisa miatt az MSCT-hez képest
tobb szeletben képezhetjiik le a belséfiil struktardit, igy az apré
elviltozdsokat is konnyebben észlelhetjiik, valamint az ut6lagos
térbeli rekonstrukcidk is pontosabban készithetSk el. A)-C) Co-
ronalis sika rekonstrukei6. D) A cochlea basalis sikjinak specialis
rekonstrukci6ja. Megillapithaté, hogy a cochlea lumene szabad
(*), valamint részletgazdagon dbrdzolhatok a hall6csontok
(1. kalapdcs, 2. iill6, 3. kengyel)
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4. dbra Bal oldali auralis atresia. A csontos atresialemez (vastag nyilak),

a malleus-incus komplexum (bekarikdzva), a bels6fiil és a nervus
facialis (vékony nyilak) megjelenitése sebészeti diagnosztikai
szempontbol gyakorlatilag egyenérték(i az MSCT- és CBCT-ké-
peken. A) Axidlis siki MSCT. B) Axialis stk CBCT

hall6jarat atresidja esetében, amikor a megfelelS hallasre-
habilitaciot a hallojarat mitéti kialakitisa vagy csontve-
zetéses hallokésziilék implantacidja jelentheti, a pre- és
posztoperativ. CBCT-vizsgilatok informdciétartalma a
sebész szdmara egyenértékd a hagyominyos MSCT-vel
(4. dbra).

Fiilészeti implantatumok

Cochlearis implanticié elStti kivizsgalds részeként a
CBCT kivaléan alkalmas a csontos struktarik leképezé-
sére (a csiga lumene dtjarhatésagianak, a processus masto-
ideus légtartésaganak, fejlettségének és a csontos laby-
rinthus méreteinek meghatarozasara) (3. dbra).
Posztoperativ utinkovetés is alacsony sugardézissal
biztosithaté CBCT-vel. Kozépfiil-implantatum betilteté-
sét kovetd vizsgilatok soran a CBCT jobbnak bizonyult
a multislice CT-vel 6sszehasonlitva a képminGség tekin-
tetében, mivel kevesebb miitermék keletkezik [20]. Co-
chlearis implanticié a csokkent fém mdtermék miatt

Segittal ¥

5. dbra

megbizhatébban kontrollilhaté CBCT-vel [5]. Segitsé-
gével megillapithatéd, hogy a behelyezett elektréda a csi-
gianak mely kanyarulatiban végz4dik, van-e megtoretés
rajta, valamint a scala tympaniba vagy a scala vestibuliba
keriilt-e. Intraoperativ vizsgalatra is van lehet&ség mobil
késziilékekkel, ami a rendellenes és bonyolult anatémiaja
esetekben (példaul Mondini-deformitas) nagy segitséget
jelenthet. Traumdt kovetSen az implantitum esetleges
elmozdulasa kivaldéan kontrollalhaté ezzel a modszerrel.

Koponyatrauwma

Akut koponyatraumit [5] kovet6en hagyomanyos CT-
vizsgalat javasolt, mivel a CBCT rossz kontrasztfelbonta-
sa miatt rejtve maradhatnak a csonttorés szovédményei:
koponyafiri, orbitalis, illetve mellékiiregi vérzések vagy
az arc lagy részeinek bevérzései.

Ugyanakkor olyan esetekben, amikor rontgenvizsgala-
tot (példdul orrcsontfelvétel, anteroposterior koponya-
felvétel) végeznénk, vagy nem akut esetet vizsgalunk,
végezheté6 CBCT, mivel a j6 térbeli felbontds és a térbeli
abrazolas segitségével egészen kis dentoalveolaris, illetve
maxillofacialis torés, esetleg a mandibula vagy a nasoor-
bitoethmoidalis egység torése is jol vizualizalhatd. Gaz-
képz&dés vagy szabad levegé szembetling lehet az orbi-
talis vagy a sinusok kortili sejttérben.

Intraoperativ navigicio

Alkalmunk nyilt kiprébalni és sikerrel alkalmazni az
elektromagneses intraoperativ navigiciét, amely sorin
CBCT-vel késziilt orrmellékiiregi vizsgalat segitségével
sikeresen végeztiik el az orrmellékiiregi beavatkozast
(5. dbra).
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Megbeszélés

A CBCT kiviléan alkalmas vizsgalémodszer egy jol be-
hatdrolt indikdcids korben, a fil-orr-gégészeti diagnosz-
tikaban, f6ként az orrmellékiiregek és a halantékcsont
(kiils6 halléjarat, kozép- és belsdfiil) vizsgalatara. A ha-
gyomanyos MSCT eftektiv sugardézisinak toredékével
nagy térbeli felbontast vizsgalatok végezhetdk, tetszdle-
ges sika és térbeli rekonstrukcidk készithetSk. A sugar-
dézis minimadlisra cs6kkenthetd, ha megalapozott indi-
kacidéban, megteleld tipust késziilékkel, a meghatirozott
céltérfogatra szoritkozva, j6 beallitisokkal, a kockdzat-
haszon aranyt alacsonyan tartva tervezziilk meg vizsgala-
tainkat. CBCT-vel sok esetben kivilthaté a nagyobb su-
garterheléssel jard, igy ismételt vizsgilatok esetén
jelentGs  egészségkockazatot jelenté hagyomdanyos
MSCT-vizsgalat. A CBCT az alacsonyabb beszerzési dra,
kisebb infrastrukturdlis igénye és aramfogyasztisa miatt
az MSCT-nél koltséghatékonyabban miikodtethets. Mi-
vel bizonyos vizsgalatok j6 mindségben és olcsdébban el-
végezhetSk vele, az egyébként sokoldaltian alkalmazhaté
MSCT-késziilékek kapacitasa felszabadul és mas indikd-
cidkra fordithat6. A fentiekkel 6sszhangban javasoljuk a
CBCT egészségbiztositasi finanszirozasat a hazai rutin-
ellatdsban. Mindezen el6nyok mellett onkoldgiai kivizs-
galasra, gyulladdsos ligyrész-folyamatok diagnosztikaja-
ban tovibbra is a vénas kontrasztdusitott CT- és
MR-vizsgilatok elvégzése sziikséges.

Anyagi tamogatds: A kozlemény megirasa, illetve a kap-
csolodd kutatémunka anyagi timogatasban nem része-
stlt.

Szerzdi munkamegosztds: P. A, B. Zs.: Trodalmi ttekin-
tés, a képalkotd vizsgalat megtervezése és elvégzése, a
kézirat megszovegezése. B. Z.: A képalkotd vizsgilat
megtervezése, elvégzése, a kézirat megszovegezése.
M. D.: SzakértSi konzulticié, a kézirat megszovegezése.
N. K, R. L.: A vizsgilatok szakmai feliigyelete, a kézirat
megszovegezése. A cikk végleges valtozatat valamennyi
szerzG elolvasta és jovahagyta.

Erdekeltségek: A szerzéknek nincsenek érdekeltségeik.
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