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Preface
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It is our distinct privilege and pleasure to present this special publication in celebration of the 70th anniversary of the founding of the Department of Otolaryngology of Sapporo Medical University. The Department of Otolaryngology is one of the oldest departments within the Sapporo Medical University. To commemorate this landmark event and to honor the department's tradition of excellence, this special publication, which features the results of our clinical and basic research, is dedicated to this anniversary. The issue contains 11 clinical reviews and 10 original research papers covering the spectrum of otolaryngology, including otology, allergy/rhinology, oncology and sleep medicine/tonsil. These contents range widely and represent our specialty fields. Therefore, we would like many otolaryngologists, from inexperienced to fully experienced doctors, to read this issue. Also, we are confident this issue will inform and inspire younger generations of clinicians and researchers for years to come. Our faculty members at the Department of Otolaryngology strive day and night to make significant contributions to otolaryngology, working with pride and a sense of responsibility as physicians, researchers and educators.

Tetsuo Himi, MD, PhD, Professor and Chairman
Department of Otolaryngology, Sapporo Medical University
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Clinical Review of Cochlear Implantation Performed at Sapporo Medical University Hospital

Noriko Ogasawara · Kenichi Takano · Tomoko Shintani · Etsuko Saikawa · Nozomi Takahashi · Fumie Ito · Tetsuo Himi

Department of Otolaryngology, Sapporo Medical University School of Medicine, Sapporo, Japan

______________________

Abstract

More than 20 years have passed since cochlear implantation (CI) was first introduced in Japan. We began CI at the Sapporo Medical University Hospital in 1988; since then, up to the first half of 2015, we have performed CI on 280 ears. In patients aged less than and those aged over 18 years, 121 and 159 ears, respectively, have undergone surgery. This report presents typical cases of CI, such as an adult case, a bilateral case, a case where both hearing and vision were impaired, a pediatric case, a case with multiple handicaps, a case with a genetic mutation leading to severe hearing loss, and a complicated case. In addition, complications with CI cases experienced during extended follow-up periods are also summarized.

© 2016 S. Karger AG, Basel

Characteristics of Patients Who Received a Cochlear Implant

Cochlear implantation (CI) was performed at our institution on a total of 280 ears between 1988 and 2015 on patients with an average age of 59.6 years. There were 123 and 157 left- and right-ear CIs, respectively. Bilateral implantations were performed in 14 patients (7 adults, 7 children). The male-to-female CI patient ratio of ears receiving a CI at Sapporo Medical University Hospital was 114:166 ears or roughly 1:1.5 (fig. 1). The child-to-adult CI patient ratio of ears was 159:121. The numbers of age-specific CIs in children aged less than 18 years are presented in figure 2.

Differences in the type of CI device used are presented in figure 3. The most frequent implant used at our hospital was the Cochlear®. The process of deciding on the implantation device to be used for each procedure depended on each individual patient or their guardian. Here, we present a series of typical CI cases.

Case 1 - Adult, Left-Sided Cochlear Implant

Left CI was performed on a 38-year-old female. She had recognized her hearing loss before the age of 10 years. She used a hearing aid on her right ear but found no benefit from its use, and so decided to undergo left CI.

Her postoperative average threshold of hearing in a sound field was 30-40 dB using only CI. However, she uses both left-sided CI and a right-sided hearing aid in the course of her daily life and is satisfied with her hearing only when using her left CI.

We performed CI 50 times for patients aged 65 years or over and 16 times for patients aged 75 years or over. As our society ages, it is likely that a greater number of patients over the age of 75 years will undergo CI from now on in Japan. A more precise physical assessment will need to be performed by otolaryngologists besides hearing examinations. Furthermore, patients with advanced age may require a more attentive explanation of the operative procedure, with additional training on fitting the CI device for both the patient and family.

Bilateral chronic otitis media is most frequently caused by permanent severe hearing loss in adults. When we performed CI with bilateral chronic otitis media, a staged operation strategy along with an electrode inserted into the cochlea was selected due to postoperative inflammation in the middle ear caused by crucial intracranial inflammation and meningitis [1]. We frequently performed ear canal and Eustachian tube closure operations in preparation for a future CI [1]. At least 6 months later, we confirmed the absence of inflammation in the patient's temporal bone using high-resolution computed tomography scans [1]. In the second operation, we performed CI only after the absence of inflammation in the middle ear was confirmed with a visual inspection [2].

Case 2 - Bilateral Cochlear Implant

A 63-year-old female had undergone left CI 24 years earlier because of severe hearing loss. Her hearing loss occurred at the age of 32 years. She was the first patient on whom CI was performed at our hospital. Her postoperative course appeared to be favorable and we provided follow-up device management support for 24 years. The patient decided to undergo right CI to try to achieve better orientation of sound and sound quality. Progression in CI device design and capabilities provided her with more smooth and comfortable sounds. She was able to hear the sound of running water for the first time when she was fitted with a bilateral CI. Results from recent reports have shown improvements in patient sound localization and communication-related outcomes for bilateral CI compared with unilateral CI [3].

[image: Img]

Fig. 1. The male-to-female ratio of patients who underwent CI at the Sapporo Medical University Hospital.

Case 3 - Impaired Vision and Hearing

We performed left CI on a 57-year-old man who had impaired vision and hearing. He started to use a hearing aid when he was 13 years old. His hearing loss progressed and became severe at the age of 57 years. Additionally, retinal pigment degeneration had deprived him of his sight. We acquired informed consent from him using writing in large type because his central vision field was still in good condition. His postoperative average threshold for hearing in a sound field was 20 dB using only CI for detection. The retinal pigment degeneration progressed and he completely lost his sight after his left CI. The patient is satisfied with having undergone CI before he became completely blind.

[image: Img]

Fig. 2. The number of age-specific CI procedures at the Sapporo Medical University Hospital for children aged under 18 years.

At our hospital, we performed CI in 9 patients with impairment of both vision and hearing. The communication levels and quality of life of these patients dramatically improved after CI. Before each operation, we acquired informed consent and explained in detail the operative procedure and long-term use of the CI device using Braille, finger Braille and writing in large letters.

Some reports have suggested that CI contributes to greater happiness and a better quality of life for patients with both impaired hearing and vision [4-6]. Moreover, no difference was detected between patients with and without impaired vision in functional evaluations on hearing tests [6].
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Fig. 3. The percentage of cases using different CI device types at the Sapporo Medical University Hospital.

Case 4 - Infant, Right-Sided Cochlear Implant

A newborn female did not pass the automated auditory brainstem response neonatal hearing screening. She was transferred to our facility for careful examination. The patient exhibited auditory steady-state response and auditory brainstem response. She was diagnosed with severe bilateral hearing loss and used a bilateral hearing aid during auditory rehabilitation. At the age of 19 months, a right CI was performed at our hospital. Postoperatively, the average threshold of hearing in a sound field using conditioned orientation response audiometry was recorded as 30-40 dB using only CI at the age of 25 months. The patient has continued to undergo ongoing auditory rehabilitation.

The Oto-Rhino-Laryngological Society of Japan established a guideline for determining the timing of CI in children. According to the guideline, cochlea implantation is performed in children of at least 12 months of age, with severe-to-profound hearing loss, healthy enough to have the surgery, of a weight over 8 kg, and with no benefit experienced from a well-fitted hearing aid. CIs for children with severe hearing loss are likely to increase under new Japanese guidelines. Auditory rehabilitation is the most important treatment for improving speech recognition to benefit children who have undergone CI.

Case 5 - Child with Multiple Handicaps

We performed right CI for a 2-year-old boy with a pervasive developmental disorder. Severe hearing loss was first detected when he was 1 year old because he had passed a bilateral oto-acoustic emission examination at the age of 3 months. He underwent auditory rehabilitation with a bilateral hearing aid. He underwent right CI at the age of 2 years. His postoperative average threshold of hearing in a sound field using conditioned orientation response audiometry was 30-40 dB using only CI.

We encountered 11 cases of CI performed on patients with multiple handicaps. The most frequently observed handicap was a developmental disorder. Some cases did not use CI sufficiently because they found it too sensitive on one occasion. However, we suggest that careful auditory rehabilitation can improve hearing recognition and recommend that patients use sign language or gesturing together with CI and a hearing aid. We also suggest that patient developmental profiles and the availability of continuous support and counseling for patients and their families are critical to CI decision making [7].

Case 6 - Cochlear Implant for a Child with a Genetic Mutation

Gap junctions are transmembrane channels consisting of six connexin subunits [8]. The protein connexin 26, also called GJB2, is expressed mainly in the developing cortex. GJB2 plays an important role in stabilizing the cochlear macromolecular complex. A mutation of GJB2 causes severe congenital hearing loss. In Japan, mutant GJB2 is the gene mutation most frequently associated with autosomal recessive hereditary hearing loss. The proportion of heterozygous genetic carriers of a GJB2 mutation in Japan is 1:50. CI is a great option for improving severe hearing loss caused by GJB2 mutations [9].

We performed CI on a 23-month-old boy who had a GJB2 gene mutation (homozygous 235 delC). His older sister also suffered from severe hearing loss, but neither of their parents had any hearing problems. At the age of 9 years, his postoperative average threshold of hearing in a sound field was 20−30 dB using only CI for hearing. Continual genetic counseling is required for patients with impaired hearing as a result of a genetic mutation, depending on their age.

Case 7 - Case with Complications

There were 92 ears (37%) that experienced complications requiring some kind of medical intervention. Major complications included postoperative meningitis, postoperative early-stage facial nerve palsy, dehiscence of a skin flap and reimplantation [10-12]. Minor complications included hard and soft device failure without reimplantation, wound inflammation, disequilibrium lasting more than 1 month, late-stage facial nerve palsy, electrode facial nerve stimulation, and any other purely conservative medical management. Hard device failure was defined as equipment failure as identified by the manufacturer or examination electrode impedance. Soft device failure was defined as a cochlear implant soft failure according to the Consensus Development Conference Statement [13].

Major complications requiring surgical interventions occurred in 19 (4%) ears, which involved 10 adults (6.3% of all adult cases) and 9 children (10.1% of all cases under the age of 18 years). With minor complications, the incidence of vertigo and tinnitus was higher in adults than in children.

In our research, the incidence of postoperative complications was similar to previous reports [14-20]. Reimplantation was performed in 12 cases, involving 6 adults (3.8% of all adult cases) and 6 children (6.7% of all cases under the age of 18 years). More than one reimplantation or surgical treatment was required in 2 cases in children, 1 of which is described below.

Right CI was performed on a 3-year-old female. Nine months after surgery, dehiscence of a skin flap and inflammation occurred at her right implant bed. Her wound was rinsed and she was administered antibiotics. As it was difficult to recover her skin flap dehiscence and reduce the inflammation, we decided to remove the right CI and performed debridement surgery and CI on the other side, with the right electrode remaining in her right cochlear. She passed an allergic patch test containing each part of the CI. Right CI reimplantation was performed 1 year after her left CI. Her postoperative average threshold of hearing in a sound field was 25-30 dB using bilateral CI. We considered the cause of the skin flap dehiscence and inflammation to be a hematoma self-induced by knocks to the head.

Head knocks in children may not be noticed by parents and, thus, may not be evaluated as a potential cause for device failure or hematoma. Children who are just becoming more active around the age at which they receive their CI run the risk of increased knocks to the head. Parents must be thoroughly informed regarding the avoidance of head knocks in order to achieve effective post-CI management.

Conclusion

This report provides a summarized clinical review of our experience with CI at the Sapporo Medical University Hospital. We regard long-term follow-up at the surgical hospital to be critical to preventing postsurgical patient complications [20, 21].
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Abstract

Cochlear implantation (CI) has proven to be an effective treatment for severe bilateral sensorineural hearing loss (SNHL). Inner ear malformation is a rare anomaly and occurs in approximately 20% of cases with congenital SNHL. In cases with cochlear malformation, CI can be successfully performed in nearly all patients, the exceptions being those with complete labyrinthine and cochlear aplasia. It is important to evaluate the severity of inner ear deformity and other associated anomalies during the preimplantation radiological assessment in order to identify any complication that may potentially occur during the surgery and subsequent patient management.

© 2016 S. Karger AG, Basel

Over the past 40 years, cases of cochlear implantation (CI) have become more frequent, and this procedure has become an accepted, well-recognized treatment for pediatric patients with severe to profound sensorineural hearing loss (SNHL). The first documented case was in 1791, when Carlo Mondini described a case of congenital deafness in which the cochlea was small, with one and a half turns, and the interscalar septum was missing. Magabeira-Albernaz [1] was the first to perform an implantation in a case of malformed cochlea. Since then, many positive cases have been documented. However, the more severe the temporal bone deformity, the less a patient can hear. Increased experience with CI has led to an increase in the number of children with abnormal cochlear anatomy being considered as candidates.

The latest advances in radiological studies, both computed tomography (CT) and magnetic resonance imaging (MRI), have allowed clinical diagnoses of such malformations. The detection of these malformations is important as they can lead to recurrent meningitis or progressive SNHL. A better understanding of cochleo-vestibular malformations, along with improved cochlear devices and surgical techniques, has resulted in successful implantations in these patients.

Subjects and Methods

Patients with congenital cochlear malformations who underwent CI between April 1988 and June 2014 at the Sapporo Medical University were assessed. During this period, 280 CIs were performed. Among these patients, we considered pediatric patients with cochlear malformations. Cochlear malformations were classified according to the Sennaroglu and Saatci classification [2].

Table 1. Results of 8 patients with cochlear malformations
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Results

A total of 89 pediatric patients underwent CI at the Sapporo Medical University between April 1988 and June 2015, out of which 14 (15.7%) had radiographic evidence of inner ear malformation and 8 had cochlear malformations [2 patients with common cavity (CC), 1 with incomplete partition type I (IP-I) and five with IP-II]. The results are presented in table 1.

Four patients had a narrow (<2 mm) internal auditory canal (IAC). The age of the patients who underwent surgery was 24-64 months, and the postoperative follow-up period was 15-207 months.

A cerebrospinal fluid gusher was encountered in 3 patients with IP-II. In these cases, pieces of the temporal muscle tissue were inserted between the electrode and cochleostomy.

The preoperative free-field hearing threshold was 100-105 dB (mean threshold 103.9 dB), and the mean preimplant hearing aid threshold was 81.25 dBHL. The postimplant threshold was 22.5-70 dB (mean 43.1 dBHL, CC 45-66.25 dBHL, IP-I 70 dB, IP-II 22.5-51.25 dBHL, mean 35.8 dBHL). Five patients had additional disabilities (3 autistic spectrum disorder, 2 mental retardation, 2 mental-motor retardation, 1 Arnold-Chiari malformation, 1 subglottic stenosis, 1 Goldenhar syndrome).

Discussion

CI is accepted as the standard of care for improving the hearing of patients and aiding speech development in children with severe-to-profound hearing loss. However, children with SNHL who meet the established audiologic criteria for CI may have unique audiologic, medical and anatomic characteristics that necessitate special consideration while assessing them as candidates for CI and during interpretation of the outcomes.

In the literature, 20% of children with SNHL have had associated radiological anomalies of the temporal bone [3]. Radiologic assessment of the temporal bones is considered a standard of care for CI candidate selection. CT is particularly useful for bony malformations, aberrant facial nerve course, temporal bone aeration, and aberrant vasculature (i.e. dehiscent jugular bulb), while MRI can identify soft tissue anomalies of the inner ear, specifically the presence of cochlear nerves. In 1987, Jackler et al. [4] proposed a classification of cochlea-vestibular malformation based on polytomography and related embryological genesis. More recently, Sennaroglu and Saatci [2] suggested an extension based on CT findings and provided a detailed classification of cochlear malformations: (1) Michel deformity (complete cochlear and labyrinthine aplasia), (2) cochlear aplasia, (3) CC deformity of the cochlea and vestibule, (4) cochlear hypoplasia and (5) IP. The malformation known as Mondini deformity was defined as IP, and two types of IP were described by the authors: IP-I (cystic cochleovestibular malformation or <1.5 basal turns) and IP-II (Mondini deformity or 1.5-2.75 basal turns). Recently, X-linked deafness has been recognized as a third type of IP, i.e. IP-III [5]. This classification is particularly important in the field of CI.

Previously, cochleovestibular malformations were considered a contraindication to implantation due to concerns about proper electrode insertion, array stability, absent or dysfunctional neurons, which might preclude significant auditory perception, and the increased risk of complications, such as facial nerve injury and cerebrospinal fluid leak [6]. Advancements in the operation technique and cochlear devices allowed successful implantation in malformed cochlea. In order to obtain a favorable surgical outcome without any postoperative complications, a detailed preoperative evaluation is important.

The standard transmastoid posterior tympanostomy approach to the middle ear can be used to place cochlear implants in patients with inner ear malformations, with the exception of CC malformation. Cochlear implants in the ear of patients with CC were first reported by Jackler et al. [4] in 1987. The main complications that may arise during a CI operation in CC patients are cerebrospinal fluid gusher, anomalous course of the facial nerve and penetration of the electrode array into the IAC. Three surgical approaches for CI that are used in CC deformity are the facial recess approach, canal wall down mastoidectomy approach, and transmastoid labyrinthectomy approach [4, 7, 8]. We implanted the electrode array with the transmastoid labyrinthectomy approach in 2 patients with CC deformity without any complications [9].

Although many children with malformations benefit significantly from CI, the severity of malformation is inversely correlated with speech perception performance. Children with IP-I and IP-II tend to perform very well, while those with a CC or hypoplastic anomalies tend to have poorer speech performance due to reduced neural stimulation [6, 10-13]. Xia et al. [14] reported that in 21 cases with CC malformation the average free-field hearing threshold was higher and the scores for the categories of auditory performance (CAP 0-7), speech intelligibility rating (SIR 1-5), infant-toddler meaningful auditory rating (IT-MAIS 0-40) and closed-set/open-set auditory speech perception tests were lower than that in the control group with normal cochleae. Kabatova et al. [15] reported the detection of environmental sounds in patients with CC, while Tucci et al. [7] and Papsin [11] reported that patients with CC demonstrated lower levels of performance. In our study, 2 patients had CC deformity as well as a narrow IAC. In the first case, the postoperative elapsed time was 17 years. The recent CI-aided threshold was 45 dBHL, and open-set speech perception with CI-2004 (a Japanese speech recognition test) was 68% (word) and 78% (sentence). The second case had autistic spectrum disorder, and the CI-aided threshold was 61.25 dBHL, while the IT-MAIS score changed from 4 (preoperation) to 6 (24 months postoperation). This patient was aware of environmental sounds, and the family reported that their child was more likely to communicate their wants or needs. Although the average performance of CC patients is lower than that of patients with IP, they benefit from implantation over time.

More than 30% of children with SNHL have additional disabilities, such as developmental delay, autism and attention deficit hyperactive disorders, cerebral palsy, visual impairment and mental retardation [16]. Additional disabilities are usually associated with poor performance in terms of the development of oral communication [17]. In our study, 68% of the children with malformed cochlea had additional disabilities. In these cases, it is difficult to predict speech development from only the cochlea malformation type because children with multiple handicaps have a decreased ability to learn speech and language even with normal hearing. Therefore, in this specific population of patients, the success parameters were difficult to define. Families of children with disabilities often perceive significant benefits from CI in terms of environmental awareness, improved interactions with their peers, and vocalization and developing speaking skills [18-20]. The communication skills of children with additional disabilities have also been evaluated by asking the parents about how their child communicates before and after implantation [19]. Palmieri et al. [18] recently advanced the Deafness and Additional Disabilities Questionnaire (DADQ) as a tool that was developed based on the concept that an improvement in the quality of life of deaf children with additional disabilities with CI increases their physical, neuropsychological and social well-being. The DADQ was administered before and after CI in 50 children with additional disabilities. The results show that children with additional disabilities showed substantial progress in all areas evaluated by the DADQ. The communication skills measured were as follows: behavior only, behavior and signs, signs only, signs and oral, and oral. Although not all children with additional disabilities achieved oral and language abilities, their communication skills were enhanced.

Conclusion

CI can be successfully performed in children with cochlear malformations.
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