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Short report

A novel intraoperative continuous monitoring method combining dorsal cochlear nucleus action potentials monitoring with auditory nerve test system

Makoto Hosoya1, Yuriko Nagaoka1, Takeshi Wakabayashi1, Marie N. Shimanuki1, Takanori Nishiyama1, Masafumi Ueno1, Hiroyuki Ozawa1 and Naoki Oishi1  
(1)Department of Otolaryngology-Head and Neck Surgery, Keio University School of Medicine, 35 Shinanomachi, Shinjuku-ku Tokyo, 160-8582, Japan

 

 
Naoki Oishi
Email: oishin@keio.jp



Received: 11 May 2023Accepted: 28 September 2023Published online: 6 October 2023
Abstract
Highly accurate real-time cochlear nerve monitoring to preserve cochlear nerve function is essential for simultaneous cochlear implantation and ipsilateral vestibular schwannoma resection. In the present study, we developed a novel real-time monitoring system that combines dorsal cochlear nucleus action potential monitoring with intracochlear stimulating electrodes (Auditory Nerve Test System, ANTS). We used this system for a case with vestibular schwannoma resection via the translabyrinthine approach. The monitoring system developed in this study detected highly reliable evoked potentials from the cochlear nerve every two seconds continuously during tumor resection. Near-total tumor resection was achieved, and cochlear implantation was performed successfully after confirming the preservation of cochlear nerve function in a case. The patient’s hearing was well compensated by cochlear implantation after surgery. Our novel method continuously achieved real-time monitoring of the cochlear nerve every two seconds during vestibular schwannoma resection. The usefulness of this monitoring system for simultaneous tumor resection and cochlear implantation was demonstrated in the present case. The system developed in this study is compatible with continuous facial nerve monitoring. This highly accurate and novel monitoring method will broaden the number of candidates for this type of surgery in the future.
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Background
Vestibular schwannoma is a clinically benign schwannoma that arises from the vestibulocochlear nerve, which runs through the internal auditory canal. Vestibular schwannomas account for approximately 8–10% of intracranial tumors and almost 80% of cerebellopontine angle tumors [1]. Audiological compensation using hearing devices is the only promising approach for treating hearing loss caused by vestibular schwannomas. Hearing devices include hearing aids, cochlear implants (CI), and auditory brainstem implants (ABI).
The simultaneous insertion of a cochlear implant and tumor resection is a feasible solution for hearing loss caused by vestibular schwannomas [2, 3]. When considering simultaneous cochlear implantation in ipsilateral vestibular schwannoma surgery, cochlear nerve preservation is essential, and cochlear nerve monitoring is required. Several factors are required for an ideal cochlear nerve monitoring. First, continuous real-time monitoring is preferable to intermittent monitoring during surgical procedures. Therefore, waveforms with higher amplitudes and shorter intervals should be generated using evoked responses. The waveforms must also be reproducible. Second, a monitoring method independent of cochlear implant electrodes is preferable. This is because it is preferable to open the cochlear implant after vestibular schwannoma resection and electrophysiological confirmation of the cochlear nerve preservation.
To date, several methods for monitoring the cochlear nerve during successful implantation of CI with vestibular schwannoma resection have been reported [4]. Conventional intraoperative auditory brainstem responses (ABRs), which are generated from sound stimuli via earphones inserted into the external ear canal, are widely used. However, this widely used conventional methods have several limitations. First, in most cases, patients with vestibular schwannoma experience a loss of wave V in the ABR. Second, ABR measurements require a relatively long time because of the requirement of averaging times. Therefore, this conventional method makes the precise real-time monitoring required in vestibular schwannoma surgery difficult to achieve.
Several methods for monitoring the cochlear nerves in such settings have been developed to overcome this limitation. For example, Patel et al. reported a method for monitoring with CI evoked electrical-ABR (E-ABR) and neural response imaging testing and achieved real-time auditory nerve monitoring [5]. Cochlear nerve action potential (CNAP) monitoring, in which the electrode is located on the cochlear nerve, is used for detecting evoked response, and more high amplitude waveforms in shorter intervals could be obtained compared conventional ABR; it has also been used for the cochlear nerve monitoring with vestibular schwannoma surgery with cochlear implantation [6].
Recently, an Auditory Nerve Test System (ANTS; MED-EL Corporation, Innsbruck, Austria) was developed [7, 8] with three components: an auditory nerve test electrode comprising an 18-mm electrode with three intracochlear contacts and an extracochlear ground, a stimulator box, and a connector cable. The stimulator box is connected to the CI programming hardware to send biphasic pulses to the electrode array, which can evoke E-ABR [8]. E-ABR confirmation during surgery with ANTS could lower the risk of opening a CI only for monitoring purposes, and E-ABR monitoring evoked by ANTS in vestibular schwannoma surgerywith simultaneous cochlear implantation has been reported [9, 10]. Kasbekar et al. reported a method for monitoring that combines this type of test electrode with an E-ABR. While in their report they tried to measure CNAP, but they failed to obtain a reliable waveform [11]. Recently, Sanna et al. also reported the usefulness of this type of intracochlear custom-made Med-El® test electrode and CNAP monitoring in vestibular schwannoma surgery with implantation of CI [6]. However, they measured the test electrode-evoked CNAP not in real-time but only after tumor resection to confirm cochlear nerve preservation.
In contrast to CNAP, dorsal cochlear nucleus action potential (DNAP) monitoring is another intraoperative method for vestibular schwannoma surgery, and its usefulness in preserving hearing has been reported [12–14]. To monitor DNAP, a detection probe was placed in the dorsal cochlear nucleus of the brainstem. The action potential of the dorsal cochlear nucleus is determined using this probe. DNAP is high sensitivity for electrical signals and can detect signals that ABR overlooks. Moreover, the DNAP system requires an average of only 100–200 stimulations. Intraoperative DNAP signals are obtained every 10 s. It has been reported that DNAP has higher stability in the surgical field and is more suitable than CNAP because of its electrode location [15].
We hypothesized that combining the ANTS with electrical DNAP (E-DNAP) would enable more accurate and sensitive intraoperative real-time continuous monitoring. In this report, we present an exprerience in a case of vestibular schwannoma resection with simultaneous implantation of CI using a novel intraoperative continuous monitoring system combining ANTS and DNAP measurement. In this case, we successfully obtained E-ABR and E-DNAP every two seconds and achieved good preservation of the cochlear nerve. The experience in this case will be useful for future intraoperative monitoring methods in planning vestibular schwannoma surgery with simultaneous implantation of CI.

Our experience of the usage of the system
A 31-year-old female patient presented to our department with bilateral hearing loss and a vestibular schwannoma of the left ear. She had bilateral hearing loss since childhood and was using bilateral hearing aids since approximately two years of age. Her hearing loss progressed, and she adjusted her hearing aid at a previous hospital. However, she suffered from hearing loss, even with hearing aids, and was recommended cochlear implantation. She underwent magnetic resonance imaging (MRI) to investigate the possibility of CI, and a vestibular schwannoma on the left side was noted incidentally. The patient was then referred to our hospital.
MRI imaging revealed a well-defined, non-uniformly enhanced, 23 mm left internal ear canal mass distributed along the internal ear canal from the fundus to the cistern (Fig. 1A, B). On auditory examination, the patient showed profound hearing loss in both ears according to pure-tone audiometry (Fig. 1C). Her speech discrimination ability deteriorated in both ears, particularly on the left. A slight V-wave was observed in the ABR test (Fig. 1D). No obvious facial nerve paralysis was observed, whereas electroneurography showed a lower amplitude on the left side (11.5% in the orbicularis oculi muscle and 74.0% in the orbicularis oris muscle). At this point, we explained the possibility of simple resection of the vestibular schwannoma or simultaneous cochlear implantation with tumor resection. The patient finally chose simultaneous implantation of CI with vestibular schwannoma resection.[image: ]
Fig. 1Preoperative MRI imaging and auditory test results. A Preoperative MRI showed a 23 mm well-defined, non-uniformly enhanced left internal ear canal tumor. B The tumor is distributed along the internal ear canal from the fundus to the cistern. C, D Preoperative audiological tests show bilateral profound hearing loss in the pure-tone audiometry (C), and only a slight wave V could be detected in the ABR in the left ear


Internal auditory canal tumor resection was performed using a translabyrinthine approach. We planned to use a DNAP-electrode combined ANTS for precise cochlear nerve monitoring. We also planned to continuously monitor facial nerve function with facial nerve root muscle action potential (FREMAP) electrodes as facial nerve monitoring [16]. ANTS-evoked E-DNAP signals were collected using a CPAngle Master (Nihon Kohden, Tokyo, Japan), amplified, and filtered at 50–1500 Hz. The number of sweeps was 20. Biphasic pulses with a stimulation rate of 10.10 pulses per second (10.10 Hz) were used. Electrical stimulation was performed using a clinical Maestro system (MED-EL; Innsbruck, Austria).
The round window niche was identified after cortical mastoidectomy and posterior tympanotomy. Subsequently, we performed a labyrinthectomy and reached the dura of the internal ear canal and posterior fossa. After opening the dura, the tumor was identified, and a FREMAP electrode was placed on the facial nerve root. The DNAP electrode was then placed on the dorsal cochlear nucleus (Fig. 2A). The ANTS electrodes were then inserted through the round window (Fig. 2B).[image: ]
Fig. 2Intra-operative preparation of the FREMAP, DNAP, and ANTS electrodes. A After opening the cistern portion of the dura, FREMAP (Red Arrow), and DNAP (Green Arrow) electrodes were positioned before tumor resection. B ANTS electrode (White Arrow) was inserted into the cochlea via the round window


The ANTS generates synchronized electrical stimulations. E-ABR and E-DNAP were detected, as planned (Fig. 3) (Additional file 1: Video). Electrical pulses were generated using a Maestro system (10.10 Hz, Pulse Window 60.8usec). Subsequently, continuous E-ABR and E-DNAP monitoring were performed during tumor removal with continuous FREMAP monitoring.[image: ]
Fig. 3Intra-operative monitoring view. A FREMAPs were measured every three seconds during the tumor resection. ANTs-mediated E-ABR and E-DNAP are also detected every two seconds. If one of these waveforms deteriorated, the monitoring teams cautioned the surgeon. B Final monitoring results were shown. While FREMAP amplitude decreases were observed, EABR latency and EDNA amplitudes were maintained at the initial level


After removing the cisternal portion of the tumor, it was carefully removed from the internal ear canal. Finally, we removed the tumor without deterioration of the ANTS-mediated E-ABR and E-DNAP and achieved nearly complete tumor removal (98%). The facial nerve function was also completely spared. During the operation, the amplitude of the E-DNAP gradually increased compared to its initial value once it reached approximately 400% of the initial amplitude. In comparison, it decreased to approximately 150% during tumor resection at the fundus of theinternal auditory canal. The final E-DNAP amplitude was > 200% (Fig. 3A). The FREMAP amplitude decreased to approximately 10% when the tumor was resected from the fundus of the internal auditory canal. Finally, the FREMAP amplitudes were 25% and 40% in the orbicularis oculi and orbicularis oris muscles, respectively (Fig. 3B).
After confirming preservation of the electrophysiological function of the cochlear nerve, we carefully removed the ANTS electrode from the round window. We also simultaneously removed the FREMAP and DNAP electrodes. Subsequently, we inserted a CI electrode through a round window (FLEX 28 electrodes, MED-EL) (Fig. 4A). We measured the impedance of the implant electrodes and the NRT, which are usually measured in cochlear implantation surgery. The EABR through the CI was also measured at that time and clear EABR waveforms were detected (Fig. 4B). Finally, the open site of the dura was closed using the temporal muscle fascia and fibrin glue, and the operative cavity of the temporal bone was filled with abdominal fat.[image: ]
Fig. 4Insertion of the electrode of cochlear implantation and EABR measurement. A After tumor resection, the ANTS electrode was removed, and a cochlear implant electrode was inserted. B Well-defined EABR was also observed via cochlear implant stimulation. C After the surgery, the patient showed a improved hearing threshold


The final histopathological report revealed schwannomas with a palisading pattern. Although slight left facial nerve palsy was observed after surgery (House-Brackmann Grade II), the patient fully recovered on postoperative day 13. No facial nerve paralysis was observed.
After discharge, we confirmed that the CI worked well. The CI improved her hearing threshold on the left side (Fig. 4C) and the patient showed good speech discrimination.
Ethics approval to report this case was obtained from the Ethics Committee of Keio University School of Medicine (approval number: 20200033). Written informed consent was obtained from the patients for the publication of anonymized information in this article.

Discussion
In most cases, whether hearing loss was caused by the vestibular schwannoma itself or by an intervention, wearing a hearing aid is the easiest way to compensate for it [17]. However, the effect of hearing compensation by a hearing aid on vestibular schwannomas is limited because the hearing loss caused by vestibular schwannomas is a retro-cochlear type sensory neural hearing loss. Moreover, compensation with a hearing aid is less effective in patients with severe or profound hearing loss.
Another way to compensate for vestibular schwannomas in patients with severe-to-profound hearing loss is surgical intervention with tumor resection and simultaneous implantation of implantable auditory devices. Thus, among the available hearing devices, ABI and CI have been used in such situations.
Compared with CI, ABI has a unique advantage in vestibular schwannoma cases: ABI can bypass the cochlear nerve and restore hearing. Therefore, preservation of the cochlear nerve during tumor resection in patients with vestibular schwannomas is unnecessary. However, the hearing quality of the ABI is generally limited compared to that of the CI [18, 19] because it is difficult for the ABI to reproduce the audiological tonotopy of the sound that the CI can reproduce. CI is another possible hearing compensation method for patients with vestibular schwannomas who require resection. It can also be used in patients with severe or profound hearing loss caused by vestibular schwannomas. While it has the advantage of regaining a relatively high performance compared to the ABI, cochlear nerve preservation during surgery is essential for successful implantation of CIs with vestibular schwannoma surgery.
In patients with severe bilateral hearing loss accompanying vestibular schwannoma, ipsilateral CI is indicated at the same time as the removal of the vestibular schwannoma because non-concomitant CI surgery would be more difficult with intracochlear degeneration and fibrosis induced by surgical stimulation [20]. However, the need to preserve the cochlear nerve during removal of the vestibular schwannoma is a barrier to the simultaneous implantation of CIs. In cases of severe hearing loss on the operative side, the ABR response to the usual click sound stimulation is often lost or diminished. Despite the reliable preservation of inner ear nerve function, intraoperative cochlear nerve monitoring is highly challenging.
In the present study, we developed a novel monitoring method in addition to conventional intraoperative ABR [11, 12]. This method combines the ANTS (MED-EL) with DNAP monitoring. In this system, ANTS, an intracochlear electrical stimulation system using electrodes inserted into the cochlea was used, instead of sound stimulation, to perform continuous intraoperative monitoring of EABR and E-DNAP. Thus, the DNAP electrode can continuously evaluate action potentials by placing an electrode near the dorsal cochlear nerve nucleus and performing intracochlear electrical stimulation using an electrode inserted into the cochlea, instead of sound stimulation.
In this study, reliable E-DNAP was developed with relatively slow 10.1 Hz stimulation, while it has been reported that vestibular schwannoma causes the deterioration of evoking the action potential with high-rate stimulation [21, 22]. Under these conditions, we obtained reliable and continuous ANTS-mediated E-DNAP every two seconds (10.1 Hz stimulation, averaging 20 times), making real-time monitoring during tumor resection possible. The developed E-DNAP was quantitatively measured during surgery by comparing the initial amplitude prior to tumor resection. Moreover, it is compatible with FREMAP monitoring without any electrical contamination.
We report a case in which an auditory nerve tumor was removed using a translabyrinthine approach. Ipsilateral implantation of CI was performed using this monitoring system and a good postoperative CI effect was obtained. This is thought to expand the range of possibilities for simultaneous cochlear implantation with the removal of vestibular schwannomas. Moreover, the possibility of ipsilateral CI and modification of the approach to cochlear nerve preservation in vestibular schwannoma surgery in patients with severe hearing loss may expand if the cochlear nerve can be preserved with high accuracy.
This report demonstrates the successful use of a combination of DNAP monitoring and ANTS. However, the system has several limitations. First, this system requires the insertion of ANTS stimulation electrodes into the cochlea; therefore, this system would not be applicable to patients with intracochlear vestibular schwannomas. Second, the approach involves placing DNAP electrodes on the brainstem; thus, a vestibular schwannoma with a large cistern portion of > 30 mm is not preferable. Finally, cases with relatively large vestibular schwannomas that should be approached other than the translabyrinthine approach are not suitable. Therefore, the present system is more suitable for vestibular schwannoma cases with CI application, with spared intracochlear spaces for electrode insertion, and a relatively small cistern portion of the vestibular schwannoma (< 30 mm) that can be removed using the translabyrinthine approach.
Another limitation of this study is that only a single case could be included because of the limitation of the national insurance of application for cochlea implantation; principally, only bilateral severe hearing loss cases are covered in Japan, and no cochlear implantation is permitted for single-sided hearing loss, which is the most of the vestibular schwannoma cases. Therefore, the findings of this study should be replicated in other patients and at other centers in future studies.

Conclusion
In this study, we developed a continuous and qualitative real-time monitoring system combining ANTS and DNAP systems. Vestibular schwannoma resection was achieved using this system, with simultaneous ipsilateral implantation of CI. In this system, the cochlear nerve function can be continuously measured every 2 s, with high reproducibility. After surgery, the cochlear nerve was functionally preserved, and the patient showed good hearing through the CI. This system could be useful for future patients with vestibular schwannoma who undergo tumor resection and CI. This system could also broaden the number of candidates for simultaneous implantation of CI in patients with vestibular schwannomas.

Author contributions
All authors contributed to the creation and revision of the manuscript. All authors read and approved the final manuscript.

Funding
A Grant-in-Aid for Scientific Research (C) (21K09565) from the Japan Society for Promotion of Science supported this work.

Availability of data and materials
All data generated or analysed during this study are included in this published article.

Declarations
Ethics approval and consent to participate
Ethics approval was obtained from the Ethics Committee of Keio University School of Medicine (approval number: 20200033).

Consent for publication
Written informed consent was obtained from the patients for the publication of anonymized information in this article.

Competing interests
The authors declare that they have no competing interests.


References
	1.
Moffat DA, Ballagh RH. Rare tumours of the cerebellopontine angle. Clin Oncol. 1995;7(1):28–41.Crossref

	2.
Wick CC, Butler MJ, Yeager LH, Kallogjeri D, Durakovic N, McJunkin JL, et al. Cochlear implant outcomes following vestibular schwannoma resection: systematic review. Otol Neurotol. 2020;41(9):1190–7.CrossrefPubMed

	3.
Bartindale MR, Tadokoro KS, Kircher ML. Cochlear implantation in sporadic vestibular schwannoma: a systematic literature review. J Neurol Surg Part B Skull Base. 2019;80(6):632–9.Crossref

	4.
Doyle EJ 3rd, Samy RN. Cochlear implantation: an effective modality for hearing restoration following vestibular schwannoma resection. Curr Opin Otolaryngol Head Neck Surg. 2022;30(5):309–13.CrossrefPubMed

	5.
Patel NS, Saoji AA, Olund AP, Carlson ML. Monitoring cochlear nerve integrity during vestibular schwannoma microsurgery in real-time using cochlear implant evoked auditory brainstem response and streaming neural response imaging. Otol Neurotol. 2020;41(2):e201–7.CrossrefPubMed

	6.
Sanna M, Piccirillo E, Kihlgren C, Cagliero G, Guidi M, Saleh E. Simultaneous cochlear implantation after translabyrinthine vestibular schwannoma resection: a report of 41 cases. Otol Neurotol. 2021;42(9):1414–21.CrossrefPubMed

	7.
Dhanasingh A, Hochmair I. Special electrodes for demanding cochlear conditions. Acta Otolaryngol. 2021;141(sup1):157–77.CrossrefPubMed

	8.
Lassaletta L, Polak M, Huesers J, Diaz-Gomez M, Calvino M, Varela-Nieto I, et al. Usefulness of electrical auditory brainstem responses to assess the functionality of the cochlear nerve using an intracochlear test electrode. Otol Neurotol. 2017;38(10):e413–20.CrossrefPubMed

	9.
Dahm V, Auinger AB, Honeder C, Riss D, Landegger LD, Moser G, et al. Simultaneous vestibular schwannoma resection and cochlear implantation using electrically evoked auditory brainstem response audiometry for decision-making. Otol Neurotol. 2020;41(9):1266–73.CrossrefPubMed

	10.
Butler MJ, Wick CC, Shew MA, Chicoine MR, Ortmann AJ, Vance J, et al. Intraoperative cochlear nerve monitoring for vestibular schwannoma resection and simultaneous cochlear implantation in neurofibromatosis type 2: a case series. Oper Neurosurg. 2021;21(5):324–31.Crossref

	11.
Kasbekar AV, Tam YC, Carlyon RP, Deeks JM, Donnelly N, Tysome J, et al. Intraoperative monitoring of the cochlear nerve during neurofibromatosis type-2 vestibular schwannoma surgery and description of a “Test Intracochlear Electrode.” J Neurol Surg Rep. 2019;80(1):e1–9.CrossrefPubMedPubMedCentral

	12.
Miyazaki H, Caye-Thomasen P. Intraoperative auditory system monitoring. Adv Otorhinolaryngol. 2018;81:123–32.PubMed

	13.
Hosoya M, Oishi N, Nishiyama T, Noguchi M, Kasuya K, Suzuki N, et al. Preoperative electrophysiological analysis predicts preservation of hearing and facial nerve function following vestibular schwannoma surgery with continuous intraoperative neural monitoring: clinical outcomes of 22 cases. Clin Otolaryngol. 2019;44(5):875–80.CrossrefPubMed

	14.
Hosoya M, Nishiyama T, Wakabayashi T, Shimanuki MN, Miyazaki H, Ozawa H, et al. Vestibular schwannoma surgery with endoscope-assisted retrolabyrinthine approach under modified reinforced continuous intraoperative monitoring for hearing preservation: experience of 33 cases in a single center. Diagnostics. 2023;13(2):275.CrossrefPubMedPubMedCentral

	15.
Nakatomi H, Miyazaki H, Tanaka M, Kin T, Yoshino M, Oyama H, et al. Improved preservation of function during acoustic neuroma surgery. J Neurosurg. 2015;122(1):24–33.CrossrefPubMed

	16.
Hosoya M, Oishi N, Noguchi M, Kasuya K, Nishiyama T, Ishikawa T, et al. Intraoperative facial nerve monitoring revealed the origin of rapidly progressing schwannoma in the cerebellopontine angle: a case of large intermediate nerve schwannoma. J Int Adv Otol. 2018;14(3):488–92.CrossrefPubMedPubMedCentral

	17.
Drusin MA, Lubor B, Losenegger T, Selesnick S. Trends in hearing rehabilitation use among vestibular schwannoma patients. Laryngoscope. 2020;130(6):1558–64.CrossrefPubMed

	18.
Peng KA, Lorenz MB, Otto SR, Brackmann DE, Wilkinson EP. Cochlear implantation and auditory brainstem implantation in neurofibromatosis type 2. Laryngoscope. 2018;128(9):2163–9.CrossrefPubMed

	19.
Vincenti V, Pasanisi E, Guida M, Di Trapani G, Sanna M. Hearing rehabilitation in neurofibromatosis type 2 patients: cochlear versus auditory brainstem implantation. Audiol Neurootol. 2008;13(4):273–80.CrossrefPubMed

	20.
Kitamura M, Oishi N, Nishiyama T, Hosoya M, Hasebe N, Tsuzuki N, et al. Intracochlear signal in FIESTA-C and hearings of patients with cerebellopontine angle schwannoma. Acta Otolaryngol. 2023;143(1):19–23.CrossrefPubMed

	21.
Daly DM, Roeser RJ, Aung MH, Daly DD. Early evoked potentials in patients with acoustic neuroma. Electroencephalogr Clin Neurophysiol. 1977;43(2):151–9.CrossrefPubMed

	22.
Tanaka H, Komatsuzaki A, Hentona H. Usefulness of auditory brainstem responses at high stimulus rates in the diagnosis of acoustic neuroma. ORL J Otorhinolaryngol Relat Spec. 1996;58(4):224–8.CrossrefPubMed



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		A novel intraoperative continuous monitoring method combining dorsal cochlear nucleus action potentials monitoring with auditory nerve test system


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/40463_2023_671_Fig2_HTML.jpg





OEBPS/images/40463_2023_671_Fig1_HTML.png
110

- H—
¥
4
45
KT
125 250 500 1000 2000 4000

8000 (Hz)

I II \'4 |





OEBPS/images/40463_2023_671_Fig3_HTML.png
M-Oculi  #10|f M-Oris  #10 M-Mass 910 4

92-5-72- » B3 || souv 3ms| | souv ams| I 3ms)
Oculi Amp. Oris Amp. EABRYV lat. E-DNAP Amp. - Z L i
101+ 94+ + 0.0m 280«
o~ ¥ L s 19on Oms ) =
Free-run ( 0.2/div) VAPO v [» ARIMNZN
W & o || Som
- A by 18:07:08
1 1 18:07:08
Ltk 18:07:07
4 4.0 806 4t 18:07:05
18:07:05
18:07:04
20788 18:07:02
A JBETTHICOE A 18:07:00
i E-DNAP M-Oculi #19( M-Oris 919 M-Mass 13| A
] T |
| 2]
S8 =t ¥ F
v
i |
I v T r ¥
| o )
l Hl
=
0
Oris Amp. EABRV lat. E-DNAP Amp.
52 + 0.0ms 152«
%
o~ o | o o 1oms el o - 0N
Free-run ( 0.25/div) VATok > v B | 4AYNZN 8
| LR 4. A
.Ocull S Lk pp b g 20:23:38 ...
! [ e 20:23:38 2F...
Sk L e s e b g 2.
LSS AR AR SRR EARNAAI RAARARE NS NSNS 2.
2t
* 2F...
2t
B ¥,






OEBPS/css/sidebar.gif





OEBPS/images/40463_2023_671_Fig4_HTML.png
A500 R

02wV

SOSIY  Tes

21:5810)

>
.,

‘a )

®

60—

-20
-10
10
20
30
40
50
70
80
90
100
2 110

120
130

~

1000 2000 4000 8000

125 250 500

(Hz)





