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Listening Al

Sensing Sound for Hearing Impaired

Qian-Jie Fu, Ph.D.

Signal Processing and Auditory Perception Laboratory
Department of Head and Neck Surgery
David Geffen School of Medicine UCLA
2100 W 3rd Street, Los Angeles, CA 90057

David Geffen

School of Medicine

UCLA Health

Typical application of Al

Al has been used to develop and advance numerous
fields and industries, including finance, healthcare,
education, transportation, and more.

» Agriculture » Online and telephone
Education customer service
Finance Power electronics
Human resources and Sensors
recruiting; > Telecommunications

> Job search; maintenance
Marketing; > Toys and games
Media and e-commerce Transportation
News, publishing and writing Heavy industry - robots
> Algorithmic computer music > Hospital and medicine

UCLA' Health

Q David Geffen

WHO: Disabling Hearing Loss (DHL)

Degree of hearing loss Hearing loss range (dB HL)

Normal -10t015
Slight 161025
Mild 26 10 40
Moderate 4110 55
Moderately severe 56 1070
Severe 7t 90

Profound 9+

Source: Clark, J. G. (1981). Uses and abuses of hearing loss classification. Asha, 23, 493-500.

Disabling hearing loss refers to hearing loss greater
than 40 dB in the better hearing ear in adults (15 years
or older) and greater than 30 dB in the better hearing
ear in children (0 to 14 years).

UCLA Health

@ David Geffen

Artificial Intelligence (AI)

» Artificial intelligence (Al), defined as intelligence
exhibited by machines.

» Weak AI: also known as narrow Al, the form of Al
where programs are developed to perform specific
tasks (one narrow task), that is being utilized for a
wide range of activities.

> Strong AL a machine with consciousness, sentience
and mind or artificial general intelligence (a machine
with the ability to apply intelligence to any problem,
rather than just one specific problem).

Q Daid Geffen UCLA Health

Al for Hospitals and Medicine

> Computer-aided interpretation of medical images
> Heart sound analysis

> Mining medical records

What Al can do for individuals with
hearing impairment?
death from surgical procedures
> Drug creation
» Using avatars for clinical training

» Companion robots for the care of the elderly
@

UCLA Health

WHO: DHL Prevalence

*Children: 34m
7%

=

Females: 190m.
44%

In 2018, there are an estimated 466 million people
with disabling hearing loss worldwide (over 5% of
the world’s population). 93% of them are adults and
7% children. Among the DHL adults, there are more

males (56%) than females (44%). @

UcLA Health
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Trends for people with DHL Prevalence of DHL in Elderly

nsen W Children (0-14)
I Adult(>=15)
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uctA Health

The Five Senses
Gustatory.
Taste
Visual Olfactory
See Smell

Impact of DHL in the elderly

Diminished personal safety, disease or falls due to the
difficulty hearing an alarm or a siren and balance issues;

Depression, anger, stress, and frustration due to their
inability to hear adequately or fully participate in
conversations or blaming others for mumbling etc.

Social isolation and loneliness: Refusal to go to social events
due to the embarrassment by hearing loss and frustration
due to the difficulty in the conversations.

;.xﬁ%g )

Poor physical health since socially isolated elderly people AR
are less likely to exercise and more likely to drink, smoke

and have an unhealthy diet. Fecl Il

Cognitive decline: social isolation due to hearing loss is Kinaesthetic Auditory

linked to higher rates of cognitive decline in the elderly

UCLA Health

@ Do UCLA' Health

Listening Al A True Story

Sensing sounds for hearing impaired.

» Using Al technology (ML algorithms: CNN, RNN,
DNN) to extract important information from
speech (what, who, where) and environmental
sounds (events) with excellent accuracy;

HE

> Deliver these speech related information to people
with hearing impaired using other sensory
modalities, such as visual (see) and tactile (feel).

mml

UCLA Health
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Other Alerting Needs for Deaf People

Dog
Barking?

@ Phone Ringing?
o ging
)

My Phone
Ringing?

Moving

My Door

Moving
Bells?

Closer?

Q David Gefen UCLA Health

How It Works/Platform Technology

CNN-based Automatic Sound Event Recognition (ASER)

Non-speech sounds:
* Phone ringing
= Fire alarms
+ Carhorns

Challenges:
Less well-defined than speech
Noise, distortion, multiple sound sources

Portable Unit
App-based system
to identify sounds
Bluetooth| - with individualized
CNN model

Q MRS

‘Wearable Unit
Portable unit for real-time
alerts using personalized

vibration patterns and
visual images. —

Cloud Computing
CNN training via Cloud
(i.e., AWS) to generate
model for individualized

sound events

UCLA' Health

Challenges for Listening Al

> The challenges to extract auditory information
correctly due to bad recording equipment, background
noise, difficult accents, emotions, and dialects as well
as the varied pitches of people’s voices.

> The challenges to transmit auditory information via

other modalities. The user may have to learn how to
associate the sensory coding with speech/sound

information, especially for tactile (feel) sensory.

» While many speech information could be well received
by visual cues (text), the communication (conversation)
using visual cues is not efficient.

@\MH@Q UCLA Health

Solution: Listening Al Prototype

Listening Al

Sensing Sounds for Hearing Impaired

Leverage cloud computing using state-of-the
art machine learning algorithmis and portable
smartphone to accurately identify wider
range of targeted sounds for hearing-
impaired individuals

=L}

QMMTT UCLA Health

Cloud Computing +
Machine Learning

Artificial Intelligence

Other Potential Applications

Sound SECURITY: Remote Sound Event Monitoring

JI I

Sound

Infant/Toddler
Awareness

Monitoring Talker Alerts

UCLA Health

Better Way to Restore Hearing

» Using other modalities may not be the best
approach to deliver auditory information to
hearing impaired people.

» Advance in technology development, hearing aids
and/or cochlear implant device has become a better
option to restore hearing for hearing impaired,
especially for those with severe or profound
hearing loss.

UcLA Health
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What is the Cochlear Implant? Amazing Technology

External Components:
a. headset microphone
b. connecting cables
c. speech processor

d. transmitting coil

Internal Components:
e. receiver/stimulator

f. electrode array

g. cochlea

h. auditory nerve

9 Disi UElA Health oaid Gedlen ucLA Health

Limitation of Cochlear Implants Limitation of Cochlear Implants
I: High Variability II: Noise Susceptibility

O NH Listeners
@ Clusers

fui]
)
5 -
<]
e
[
0

CNC Scores (%)
Speech Recognition Threshold (dB)

Speech Recog!

15
Subjects

Steady Noise Gated Noise

Q Daid Geffen UCLA Health

Al for CI Patients Functional Layouts

Can Al be combined with CI or @ ¥
I'al’lSI'I'IISSIOl'l

HA devi.ces t(? better help hearing é R
impaired people? !

» Can Al help figure out the high variability issues in CI \ o OO Reception
patients and provide the solution to improve poor- ' W) L Neural Patterns
performing CI patients?

> Can Al help overcome the noise susceptibility issues

in CI patients and improve CI patients’ performance
in challenging listening conditions?
(R UCLA Tealth
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Factors Affecting Sound Transmission

Factor #3:
Atypical

e

UCLA Health

Factor #1: Processor Parameters

Green, Quiet

e ame
+o mon AN | A | [

noa -II-II~-II‘-

n LT T PRIV R -y

LN INIIRCY T SPr =

111150 e i ]

ney R S o

Speech Processing Strategy: ACE

Bamdpass Envelope Amplitude Pulse
filters detectors compression gevxemt;on

Factor #2: Background Noise
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Factor #1: Processor Parameters

Number: 18 Q

COR AN |
TR
a0 A 000
EET T T T TR
e M O AR MR 000NN AN E 0000 SR i 000 0 O BRI
cowm WA e R )

.A
i Py i
L 1l -

L LU B} LI TR (TR - . | |
s e T
(IR s,

[ " .l
s s -
LT T T ]

“-“ua ﬂ——nun-_-m--n-m A

UCLA Health

Factor #2: Cocktail Party

Green + 18
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Factor #3: Atypical Speakers (T'TS) AT for Sound Transmission in CI

A A% 4 » ML-based algorithm to select optimized speech
- Listenors - information (which cues are important for speech

= Cipatents perception at different listening condition)

» ML-based Speech enhancement (RNN, DNN, CNN)
Removing background
Removing the reverberant speech

@
S

@
S

Environment-optimized algorithms applied to novel
acoustic conditions

Percent Correct

~
S
L

» ML-based sound scene analysis: The use for additional
strategy, AGC controlling, and others.

0

el e g0 o g0t g quk ool o 0‘9:( \e. S\UN,eco‘dmg

ol 0% Frmale: % goral on S el e » ML-based talker normalization algorithms to optimize

Takers the input speech patterns (adapted to accented speech)

UCLA| Health @ D UdA Health

Common Misconception Factors Affecting Sound Reception

The more the speech spectral
information, the better the

12 Vowels h/V/d

T
| S/N=Quiet |

UCLA' Health oS UCLA Health

120-channel CIS

Moderate (23mm) Shallow (21mm)  Very Shallow (19mm)

moderate severe Full (2 foges )

WE/REESHE | NUROTRON DIGEST
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Al for Sound Reception in CI Commonly Forgotten Fact

ML-based algorithms to quantify the frequency

mismatch between the input speech patterns ’ RA
and electrode place and optimize the speech It’s the B IN to

information for different electrode location in interpret and understand
what is being heard.

individual CI patients.

ML-based algorithms to dynamically detecting

the electric current spread or loudness percepts Sound Percetion
(summation) to minimize current/SOE

interaction across different electrodes restore

the correct loudness growth function.

UcLA Health

Factors Affecting Sound Perception

Correct (%)

3
UCLA' Health Training Days e [UGLA Health

Traditional Auditory Training Helps

A: Pre-lingually deafened adult B: Post-lingually deafened adult
100 100

Pre-training
= Post-training

Percent Correct

consonant  hint vowel consonant  hint

C: Pre-lingually deafened children

N oW B
S © o

Percent Correct

=)

Correct (%)

=}

2 3 vowel consonant  tone

Speech Tests uid Geffen UCLA Healt
UCLA Health . =

Training Days

#B/REE® | NUROTRON DIGEST
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UCLA' Health

Take-home Messages

» ML-based sound recognition + multi-sensory
delivery to provide auditory information to
hearing impaired people.

» ML-based algorithm to better transmit speech
information, improve the speech reception, and
maximize the speech perception by providing
better auditory training tools.

» Al provides new ways to help hearing impaired
people to perceive the auditory information.

Listening Al:
Sensing Sounds for Hearing Impaired

Al for Speech Perception in CI

» New and more efficient methods for auditory
rehabilitation: Using ML-based (data
mining) methods to develop individualized
training protocols.

» Using avatars (virtual speech pathologists)
for interactive auditory rehabilitation.

» Use Virtual Reality (VR) technology to create
virtual spatial listening conditions.

uctA Health
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music for cochlear implant users,” The Journal of the Acoustizal Society of America, vol. 143, 10.
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Table 1: mean scores of PESQ and STOI for reducing white and babble noise
at different SNR conditions

PESQ STOI
-5dB | OdB | 5dB | -5dB | 0dB | 5dB
unprocessed 046 | 0.71 | 1.16 | 0.39 | 0.52 | 0.63
enhanced 1,96 | 2.29 | 2,60 | 0.60 | 0.70 | 0.77
0dB White noise
B BRE 1
clean
noisy
enhanced
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Table 2: mean scores of PESQ, STOI and segSNR for dereverberation at
different five reverberation time (Tgy(s) = 0.3,0.5,0.6,0.7,0.9)

reverberated DNN LSTM
PESQ 2.01 2.58 2.79
STOI 0.81 0.89 0.92
segSNR -0.61 2.67 6.84
clean Mt Ml el DNN LSTM

1
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Moan Aceuracy Comparison

SNRIdB

DNN VS TDOA

improvement
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[1]Hou Limin, Xu Li..Role of short-time acoustic
temporal fine structure cues in sentence recognition for
normal-hearing listeners. The Journal of the Acoustical
Society of America. 2018. 143(2). EL127.

[2]Li. Bei:Wang. Hui:Yang. Guang.Hou LImin.The
Importance of Acoustic Temporal Fine Structure Cues in
Different Spectral Regions for Mandarin Sentence
Recognition. EAR AND HEARING.2016,37(1).e52-¢56.
[3]Li. Bei:Hou. Limin:Xu. Li. Effects of steep high-
frequency hearing loss on speech recognition using
temporal fine structure in low-frequency

region. HEARING RESEARCH.2015.326.66-74.

ALEHHEEETAE

Why did we choice this

Subject about temporal fine
ctiriintiire (TEQ?

Melody recognition Speech recognition
o E 7 -
9| 90 -
g 80 } 80
4 ! g x
§ 70, £ 70
2 0 g 60
% 50| = Erveioon £ 50
e ¥ Fine situcture 2 ¥ Fine structure
& 240
H 2 30 ;
5 & A
& 20
10 >
o . FON o
16 24 32 4864 1 8 16 2

2 2
Number of frequency bands
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Number of frequency bands

Zachary M. Smith, et al. Chimaeric sounds reveal dichotomies in auditory perception. Nature.
416(7), 2002
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Method

Speech signal through Hilbert Transform, then

M

S(n) = z a;(n)cos(6;(n))

i=1

TES 1s extracted by

M
TFS = a;(n)? cos(Bi (n))
2

Our Methods

negs L z

L]
]
4
B
FLEL]

Materials and Subjects

* The speech_materials were taken from the
AzBio speech_that consisted of 33 lists
with 20 English sentences in each list. All
speech sentences were sampled at 22050
Hz.

 There were 1.5 native English-speaking,
normal-hearing adults aged from 18 to
28 years old_participated in the

experiments.

Sentence recognition (% correct)

Results

A total of 72 processed sentences were used for training
and a total of 360 processed sentences were used for
the test. The sentences used in test were different from
those used in training. Figures below show the sentence
recognition scores.
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Tone Recognition Results
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Outlook and Prospect

4 STFS includes the fine structure of speech and may ben
for understanding tone languages, tone recognition, spe
in noise,

and wusic perception.

% These results might have important implications for spe

processing strategies in cochlear implants.
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Speech Perception
in a Noisy and Reverberant Environment
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Any a hard surface can generate reflecting sound waves, or echoes.
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* Energetic masking
— Mainly occurs in the cochlea

— Leading to a degraded or noisy representation

of the signal at the peripheral processing level

* Informational masking

— Mainly occurs in the central auditory nervous
system
— Interferes with higher level of processing at both

perceptual (e.g., phonemic identification) and

cognitive (e.g., semantic processing) levels

S
= How people un
NUROTRON

+ Familiarity with the voice of the target talker (Brungart et al., 2001; Newman &
Evers, 2007, Yang et al.,, 2007, Huang et al., 2010)

¢ Familiarity with the identity of the target talker (Yonan & Sommers, 2000;
Newman & Evers, 2007)

+  Knowledge of the location of the target talker (Kidd et al., 2005; Singh et al.,
2008)

+ Expectation of the content of the target speech (Freyman et al., 2004)
+  Visual cues (Helfer and Freyman, 2005, Wu et al., 2013)

¢+ Perceved separation between the target and masker (Freymanet al,, 1999, Liet
al., 2004; Wu et al., 2005, Zhang et al., 2014, 2016; 2019)
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Development and Clinical Introduction of the Nurotron Cochlear Im-
plant Electrode Array

Stephen Rebscher, David Daomin Zhou, Fan-Gang Zeng

1.Department of Otolaryngology, University of California San Francisco, San Francisco, USA (SR).
2.Nurotron Biotechnology Inc., Irvine, USA (DDZ).
3.Department of Otolaryngology, University of California Irvine, Irvine, USA (FGZ).

Abstract

As the only medical device used in the treatment for deafness, the cochlear implant has benefited to more than half a
million individuals worldwide. However, the device has limited penetration due to its high cost, especially in low- and
middle-income countries. China alone has 27.8 million deaf people, but less than 100,000 of them have received a
cochlear implant. The Nurotron Venus device was developed to address the need for an affordable yet safe and effec-
tivecochlear implant. The present study describes the design, development, and evaluation of the Nurotron intracochlear
electrode array. The standard array is 22 mm in length from the round window marker to the apical tip of the carrier and
has 24 electrodes, with a surface area of 0.32 mm? and center-to-center spacing of 0.85 mm. The Nurotron arrayhas been
tested to meet the mechanical, chemical, and electrical requirements specified by the ISO Standard 14708-07. Human
temporal bone and clinical trial results showed that the Nurotron array is easy to insert (7.8/10 rating with 10 indicating
the highest ease of use) and has a low complication rate (12.5%) of severe insertion trauma while achieving high device
stability and reliability (6 array failures in 43,000 patient years of experience). As a critical component, the Nurotron
array has contributed to the high level of Nurotron implant speech performance, equivalent to that produced by other ex-
isting devices. The Nurotron device has benefited 10,000 deaf people and helped reduce the unit cost from US$25,000 in
2011 to US$4,620 in 2017 through the Chinese Government Tender Program. New, slim, and micromachined electrodes

are being developed to further improve performance and accessibility.

Key Words: Auditory prosthesis, cochlear implants, deafness, electric stimulation, electrodes

Article source:
Rebscher S, Zhou DD, Zeng FG. Development and Clinical Introduction of the Nurotron Cochlear Implant Electrode Array. J Int Adv Otol

2018; 14(3): 392-400.
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Implementation and preliminary evaluation of ‘C-tone’: A novel algo-
rithm to improve lexical tone recognition in Mandarin-speaking cochle-
ar implant users

Lichuan Ping', Ningyuan Wang?, Guofang Tang?, Thomas Lul, Li Yin?*,Wenhe Tu?, Qian-Jie Fu’

1.Nurotron Biotechnology, Inc., Irvine, CA, USA.

2.Zhejiang Nurotron Biotechnology Co., Ltd, Zhejiang, PR China.

3.Department of Head and Neck Surgery, David Geffen School of Medicine, UCLA, Los Angeles, 2100 West Third Street, Suite 100, Los Angeles,
CA 90057, USA.

Abstract

Objectives:Because of limited spectral resolution, Mandarin-speaking cochlear implant (CI) users have difficulty
perceiving fundamental frequency (F0) cues that are important to lexical tone recognition. To improve Mandarin tone
recognition in CI users, we implemented and evaluated a novel real-time algorithm (C-tone) to enhance the amplitude
contour, which is strongly correlated with the FO contour.

Methods: The C-tone algorithm was implemented in clinical processors and evaluated in eight users of the Nurotron
NSP-60 CI system. Subjects were given 2 weeks of experience with C-tone. Recognition of Chinese tones, monosylla-
bles, and disyllables in quiet was measured with and without the C-tone algorithm. Subjective quality ratings were also
obtained for C-tone.

Results: After 2 weeks of experience with C-tone, there were small but significant improvements in recognition of
lexical tones, monosyllables, and disyllables (P < 0.05 in all cases). Among lexical tones, the largest improvements were
observed for Tone 3 (falling—rising) and the smallest for Tone 4 (falling). Improvements with C-tone were greater for
disyllables than for monosyllables. Subjective quality ratings showed no strong preference for or against C-tone, except
for perception of own voice, where C-tone was preferred.

Discussion: The real-time C-tone algorithm provided small but significant improvements for speech performance in qui-
et with no change in sound quality. Pre-processing algorithms to reduce noise and better real-time FO extraction would
improve the benefits of C-tone in complex listening environments.

Conclusions: Chinese CI users’ speech recognition in quiet can be significantly improved by modifying the

amplitude contour to better resemble the FO contour.

Key Words: Cochlear implant, Lexical tone, Mandarin speech, C-tone, Nurotron

Article source:
Lichuan Ping,Ningyuan Wang,Guofang Tang, Thomas Lu,Li Yin,Wenhe Tu&Qian-Jie Fu(2017)Implementation and preliminary evaluation of
‘C-tone’: A novel algorithm to improve lexical tone recognition in Mandarin-speaking cochlear implant users ,Cochlear Implants Intemation-

al,18:5,240-249.
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Objective and subjective evaluations of the Nurotron Venus cochlear
implant system via animal experiments and clinical trials

Na Gao'**, Xin-Da Xu"**, Fang-Lu Chi"*?, Fan-Gang Zeng?, Qian-Jie Fu®, Xian-Hao Jia"** Yan-Bo Yin"*?,Li-Chuan Ping’, Hou-Yong Kang’,
Hai-Hong Feng®, Yong-Zhen Wu'?* & Ye Jiang"**

1.Department of Otology and Skull Base Surgery, Eye Ear Nose & Throat Hospital, Fudan University, Shanghai, PR China.

2.Shanghai Auditory Medical Center, Shanghai, PR China.

3.Key Laboratory of Hearing Science, Ministry of Health, Shanghai, PR China.

4.Departments of Anatomy and Neurobiology, Biomedical Engineering, Cognitive Sciences and Otolaryngology - Head and Neck Surgery,Uni-
versity of California, Irvine, CA, USA.

5.Department of Biomedical Engineering, University of Southern California, Los Angeles, CA, USA.

6.Nurotron Biotechnology Inc., Hangzhou, Zhejiang, PR China.

7.Department of Otolaryngology — Head and Neck Surgery, The First Affiliated Hospital of Chongqing Medical University, Chongqing, PR

China.
8.Shanghai Acoustics Laboratory, Chinese Academy of Sciences, Shanghai, PR China.

Abstract

Conclusion: This study described objective and subjective evaluations of the Nurotron Venus™ Cochlear Implant Sys-
tem and indicated that this system produced a satisfactory performance.

Objective: To observe the performance of the Nurotron Venus™ cochlear implant (CI) system via electrophysiological
and psychophysical evaluations.

Methods: A 26-clectrode CI system was specially designed. The performance of MRI in animal and cadaveric head
experiments, EABR in cats experiment, the correlation between ESRT and C level, and psychophysics evaluations in
clinical trials were observed.

Results: In the animal and cadaveric head experiments, magnet dislocation could not be prevented in the 1.5 T MRI
without removal of the internal magnet. The EABR was clearly elicited in cat experiment. In the clinical trial, the
ESRT was strongly correlated with C level (p50.001). The human clinical trial involving 57 post-lingually deafened
native Mandarin-speaking patients was performed. Residual hearing protection in the implanted ear at each audiometric
frequency was observed in 27.5-46.3% patients post-operatively. A pitch ranking test revealed that place pitches were
generally ordered from apical to basal electrodes. The recognitions of the perceptions of 301 disyllabic words, environ-
ment sounds, disyllabic words, and numerals were significantly better than the pre-operative performance and reached

plateaus.

Key Words: Bilateral Cochlear implant, electrically evoked auditory brainstem responses (EABR),electrically evoked-
stapedius reflex threshold(ESRT), MRI, Nurotron, pitch ranking, speech perception

Article source:
Gao N, Xu X D, Chi F L, et al. Objective and subjective evaluations of the Nurotron Venus cochlear implant system via animal experiments

and clinical trials.[J]. Acta otolaryngologica, 2015, 136(1):1-10.
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Development and evaluation of the Nurotron 26-electrode cochlear im-
plant system

Fan-Gang Zeng®, Stephen J. Rebscher®, Qian-Jie Fu ¢,Hongbin Chen ¢ Xiaoan Sun¥, Li Yin ¢ Lichuan Ping ¢,Lichuan Ping ¢Haihong Feng
¢,Shiming Yang',Shusheng Gong & Beibei Yang",Hou-Yong Kang ',Na Gao’,Fanglu Chi’

a Center for Hearing Research, University of California, Irvine, CA 92697, USA

b Department of Otolaryngology e Head and Neck Surgery, University of California, San Francisco, CA 94143, USA

¢ Department of Otolaryngology e Head and Neck Surgery, University of California, Los Angeles, CA 90095, USA

d Nurotron Biotechnology Inc., Hangzhou, Zhejiang 310011, China

e Shanghai Acoustics Laboratory, Institute of Acoustics, Chinese Academy of Sciences, Shanghai 200032, China

f Department of Otolaryngology e Head and Neck Surgery, Chinese PLA General Hospital, Beijing 100853, China

g Department of Otolaryngology e Head and Neck Surgery, Tongren Hospital of Capital Medical University, Beijing 100730, China

h Department of Otolaryngology e Head and Neck Surgery, The Second Affiliated Hospital of Zhejiang University, Hangzhou 310000, China
i Department of Otolaryngology e Head and Neck Surgery, The First Affiliated Hospital of Chongqing Medical University, Chongqing 400016,

China
j Department of Otolaryngology e Head and Neck Surgery, The Eye and ENT Hospital of Fudan University, Shanghai 200031, China

Abstract

Although the cochlear implant has been widely acknowledged as the most successful neural prosthesis,only a fraction
of hearing-impaired people who can potentially benefit from a cochlear implant have actually received one due to its
limited awareness, accessibility, and affordability. To help overcome these limitations, a 26-electrode cochlear implant
hasbeen developed to receive China’s Food and Drug Administration (CFDA) approval in 2011 and Conformite Europ-
eenne (CE) Marking in 2012. The present article describes design philosophy, system specification, and technical veri-
fication of the Nurotron device, which includes advanced digital signal processing and 4 current sources with multiple
amplitude resolutions that not only are compatible with perceptual capability but also allow interleaved or simultaneous
stimulation. The article also presents 3-year longitudinal evaluation data from 60 human subjects who have received the
Nurotron device. The objective measures show that electrode impedance decreased within the first month of device use,
but was stable until a slight increase at the end of two years. The subjective loudness measures show that electric stimu-
lation threshold was stable while the maximal comfort level increased over the 3 years. Mandarin sentence recognition
increased from the pre-surgical 0%-correct score to a plateau of about 80% correct with 6-month use of the device. Both
indirect and direct comparisons indicate indistinguishable performance differences between the Nurotron system and
other commercially available devices. The present 26-electrode cochlear implant has already helped to lower the price of
cochlear implantation in China and will likely contribute to increased cochlear implant access and success in the rest of

the world.

Article source:
Zeng, F.-G., et al., Development and evaluation of the Nurotron 26-electrode cochlear implant system, Hearing Research (2014), http://dx.doi.

org/10.1016/j.heares.2014.09.013

#B/REE® | NUROTRON DIGEST

39



BEEALBERNERTITSETR 5 RERA TH R 3R R

225
E/RR26B IR A TEIRE AN RF A& K ITE

BPLEN  Stephen . Rebscher AIHTAY BRUbI: fhede RO PRI 1BifgaL #pfhmle Semidr g sy mpe
Ay SR
JESG EE AR BRI A

LRI SEA I8 Ht JEEJRYE CA 92697

2 B A2 E B MR e SL 5T MEE SR B IH <2 1L CA 94143

3 NN R 2 S R SL 45 MR 52 B AZHIL CA 90095

4 WLV 7R A2 B PR AT BR A W] A50JH 310011

5 TPERFER AT AT S B3 200032

6 HH LA TR AR50 2 S 15 B SR R Sk S5 AR b 2T 100853

7 B HREERA M e At (R B e S MRS AU MRE B 100730
8 WL KA B 8 58— 5 B HE S Wl L 25 /et At 310000

9 H PR BB 2 B0 Jem B — 125 e - S MR e SK S5 MR B KR 400016

10 52 HKAZ 6 o FR - s e} 22 e EE S R e SK S5 ME - 3F 200031

(HZ]
ASCHIE T /R 26 AR THARAB TS RGUR RO BRI 2 T H I EA Jo B A5 5 A B,

AFILAERE 04 BIR, ROUS ARG TR, T ELRT T RS R BESh, A SCHRA T coBHe/RHEA
TEAAK ER PR UM LR, SRS S L RIRE, IRFFSHR R E, B
VEIWEA LT SR, ARROR R R, AP R . SURA T HBIRM
ARRIFI00 T TF Lo 1 F 2080917k - BRI EL 0 HEF G4 A HE AT B3 5 A 4\ T
P B TR 4

[Rgim] N THM, Ja/REE; JTA; 1Al

40 WE/REESHE | NUROTRON DIGEST



i RIRA TE R Xk R

Analysis of the performance of post-lingually deafened patients with
Nurotron®Venus™ cochlear implants

JIANAN LI*, FEI JT*, WEI CHEN*, HUI ZHAO, DONGYI HAN & SHIMING YANG

Department of Otolaryngology-Head and Neck Surgery, and Institute of Otolaryngology, Auditory Implantation Center,Chinese People’s Liber-
ation Army General Hospital, Beijing, China

Abstract

Objective: The aim of this study was to analyze the safety and effectiveness of a new cochlear implant (CI) system
developed in China, the Nurotron Venus device.

Material and methods:Fifteen post-lingually deafened patients received Nurotron Venus Cls in our hospital. The safety
and effectiveness of the devices were evaluated within 2 years after implantation. Patients’hearing thresholds were
assessed. In addition, the speech perception performance of Nurotron Venus CI recipients was compared with that of 15
Cochlear Nucleus CI24 recipients.

Results and conclusion: During 2 years of observation, all the Nurotron recipients used their devices regularly and
effectively. The aided hearing thresholds of all the recipients were within the speech spectrum. The average scores of
HOPE sentences and HOPE monosyllable words tests among Nurotron CI recipients were 82.88 + 21.40% and 56.67
+9.77%, respectively. The average scores among Cochlear Nucleus CI24 recipients were 87.33 + 14.44% and 52.8 +
12.76%, respectively. There was no statistically significant difference in the speech test scores between these two groups
when assessed using the t test. The Nurotron Venus cochlear implant system worked safely and effectively. The speech

perception of Nurotron recipients was similar to that of the other CI system recipients.

Key Words: Safety, effectiveness, auditory performance, speech perception

Article source:
LIIANAN LI*, FEI JI*, WEI CHEN, et al. Analysis of the performance of post-lingually deafened patients with Nurotron®Venus™ cochlear
implants. Acta Oto-Laryngologica. 2014; 134: 609-614.
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