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Abstract

Background: The objective of this study was to test the validity of
automated audiometry as a method of hearing examination in
patients with multidrug-resistant tuberculosis.

Methods: This was a cross-sectional comparative study with a
retrospective approach, using patient medical records. Patients with
multidrug-resistant tuberculosis (MDR-TB) were recruited based-on
medical records that met the inclusion and exclusion criteria at the
Pulmonology outpatient unit, then referred to the
Otorhinolaryngology outpatient unit of the Dr. Soetomo Academic
Medical Center. The subjects’ hearing function was measured with two
different devices (automated audiometer and conventional
audiometer) before being given anti-tuberculosis drug therapy
(aminoglycoside injection) as ototoxicity monitoring from July to
December 2019 period. Sensitivity and specificity analysis was used to
assess the validity of the test.

Results: A total of 36 patients (72 ears) were included. The
comparison test results using the Mann-Whitney test showed that
there were significant differences between automated audiometry
and conventional audiometry in both ears. Analysis values were:
sensitivity 80-97%, specificity 37-96%, positive predictive value 74-98%,
and negative predictive value 59-96%.

Conclusions: Automated audiometry is valid for use as a method of
hearing examination and monitoring in patients with multidrug-
resistant tuberculosis.
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Last paragraph in Discussion there are additional suggestions from reviewers is “In this research, authors want to test the
validity of automated auditory as method hearing examination because there are already difference in the regulation
of the examination namely without use of kanamycin injection. Its hoped that automated auditory can be used, but the
advantage of this examination is that it provides benefits and convenience to an assistant so that the audiologist can work
on more advanced measures in the clinic.”

Any further responses from the reviewers can be found at the end of the article

Introduction

Multidrug-resistant tuberculosis (MDR-TB) is tuberculosis (TB) resistant to isoniazid and rifampicin, with or without
resistance to other anti-TB drugs.' The World Health Organization (WHO) recommendations for multidrug-resistant
tuberculosis (MDR-TB) include 8+ months of an aminoglycoside treatment such as kanamycin or amikacin or
capreomycin. Aminoglycosides can produce significant side effects, including irreversible ototoxicity. The incidence
of ototoxicity due to administration of aminoglycosides varies from 7% to 90%. Ototoxicity in MDR-TB patients is
sensorineural and can be detected early by monitoring the hearing threshold periodically until the patient is recovered.
Ototoxicity starts at high frequencies so that hearing techniques at high frequency are more sensitive to detect cochlear
damage compared to methods that can only measure at standard frequencies (<8000 Hz).*”

Initial hearing screening - at least air conduction (AC) - should be done on all patients who will start anti-tuberculosis drug
therapy, especially aminoglycosides. Audiometry is a procedure to test one's listening ability at various sound frequencies
and is used to identify hearing loss. This procedure is carried out using an electronic device called an audiometer to get the
value of AC and bone conduction (BC). Not all audiometers can assess BC, so audiometry as auditory screening only
requires AC values. MDR-TB patients with normal audiogram results can continue using anti-TB injections.®’

Conventional audiometry is a gold standard examination to assess hearing loss. This procedure is carried out in a
soundproof booth to determine the hearing threshold, which is the lowest pure tone that someone can still hear at a specific
frequency, from 250 to 8000 Hz. The audiometer consists of a sound intensity control knob, a frequency control knob,
headphones to assess AC and BC.® Not all hospitals have soundproof chambers for this examination, and they are not
recommended for MDR-TB patients because of the small size of the chamber. There is also less air circulation so they can
cause shortness of breath and disturb concentration.®’

Automated audiometry is an audiometer device that, in its use, does not require a soundproof booth; or in other words,
automated audiometry is a portable audiometer that can be used in an open space. There is an active noise monitoring
feature that functions to monitor the high level of background noise when conducting audiometry, making it possible to
pause the test until the background noise level returns to low.”'"

Automated audiometry needs to be assessed for validity, and research in Indonesia has never been done. The purpose
of this study was to prove the validity of automated audiometry as a method of hearing examination in patients with
multidrug-resistant tuberculosis.

Methods

This research was a cross-sectional comparative study with a retrospective approach. The subjects of this study were
patients with MDR-TB in the Pulmonology outpatient unit Dr. Soetomo Academic Medical Center, who were referred to
the otorhinolaryngology outpatient clinic for examination of hearing function, before starting the anti-tuberculosis drug
therapy (aminoglycoside injection) as monitoring of ototoxicity during the period from July to December 2019. Data
were retrieved from medical records that met the inclusion and exclusion criteria. Inclusion criteria were new MDR-TB
patients who performed two kinds of hearing examination using conventional audiometry as the gold standard of hearing
assessment and automated audiometry which can measure at high frequencies. Exclusion criteria were patients with
incomplete medical record data. A total of 36 patients (72 ears) were included.

Automated audiometry uses the KUDUwave audiometer (model KUDUwave Prime), which can measure at frequencies
from 250 Hz to 16 000 Hz. The patient uses headphones in an open space of the Pulmonology outpatient department
with a noise level of 60 dB and is asked to press a button when a tone is heard. Conventional audiometry uses the
Interacoustics AD226 audiometer, which can measure at frequencies of 125 Hz to 8000 Hz. The patient uses headphones
in a soundproof chamber at the Pulmonology outpatient department with a noise level of 28 dB, and asked to press
a button when a tone is heard. Calibration of the two audiometers is done routinely. Examination with automated
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audiometry and conventional audiometry from medical record data in this study was carried out by competent medical
personnel.

Data obtained from the medical records included air conduction (AC) results from conventional audiometry and
automated audiometry examinations. Other data recorded included sex, age, results of an otoscopy examination, pure
tone average (PTA), and the degree of hearing loss based on ear count. The automated audiometry examination results
were compared with conventional audiometry results that were calculated at all frequencies. The subsequent analysis with
IBM SPSS Statistics 25.0 uses a 2 x 2 table, with the output in sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV). Comparative analysis of automated audiometry and conventional audiometry using
the Mann Whitney test.

Ethical clearance was obtained from the Ethical Committee of Dr. Soetomo Hospital, Surabaya, Indonesia (approval
number 1858/KEPK/111.2020). Written informed consent was obtained from all individuals included in this study, after
being given an explanation of the examinations to be carried out.

Results

Basic data

Based on data from medical records, the results of hearing tests using two methods were compared: (i) automated
audiometry examination conducted in the open field of a Pulmonology outpatient department, (ii) conventional
audiometry performed in a soundproof room as the gold standard of hearing function examination. Data were obtained
from 36 patients (72 ears) in the study period. There were 21 male patients (58.33%) and 15 female patients (41.67%).”'

The youngest MDR-TB patient was 18 years old, while the oldest was 85 years old. The largest age group was 45 to
54 years, with 13 patients (36.11%). The results of the otoscopy examination in 36 patients (72 ears) showed all normal
tympanic membranes (Table 1).

Conventional audiometry examination obtained normal hearing with an average of 19.26 4+ 4.42 dB, mild hearing loss
with an average of 29.52 + 3.39 dB, moderate with an average of 45.62 £ 3.92 dB, moderate to severe with 62.50 £ 4.68
dB, and severe hearing loss with an average of 81.25 & 12.37 dB (Table 2).

Table 1. Distribution of the respondents.

Age groups (years) (n) (%)
<15 0 0
15-24 4 11.11
25-34 4 11.11
35-44 10 27.78
45-54 13 36.11
55-64 4 11.11
>65 1 2.78
<15 0 0
15-24 4 11.11
Total 36 100.00

Table 2. Conventional audiometry. SD = standard deviation.

Degree of hearing loss (pure tone average [PTA]) Mean Median SD
Normal (<25 dB) 19.26 20.00 4.42
Mild (26-40 dB) 29.52 28.75 3.39
Moderate (41-55 dB) 45.62 45.00 3.92
Moderate to severe (56-70 dB) 62.50 62.50 4.68
Severe (71-90 dB) 81.25 81.25 12.37

Profound (>91 dB) - - -
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Table 3. Automated audiometry. SD = standard deviation.

Degree of hearing loss (pure tone average [PTA]) Mean Median SD

Normal (<25 dB) 16.93 18.75 5.34
Mild (26-40 dB) 31.67 31.87 4.21
Moderate (41-55 dB) 50.78 51.87 411
Moderate to severe (56-70 dB) 59.37 59.37 0.88
Severe (71-90 dB) 87.50 87.50 2.89

Profound (>91 dB) - - -

Table 4. Comparative automated audiometry with conventional audiometry.

Pure tone average

Mann-Whitney U 2091.00
Wilcoxon W 4179.00
z —2.00
Sig. (2-tailed) 0.04

Table 5. Validity of automated audiometry. PPV = positive predictive value; NPV = negative predictive value.

Degree of hearing loss

Normal Mild Moderate Moderate to Severe Profound
severe
Sensitivity 80% 89% 89% 97% 93% -
Specificity 89% 37% 70% 85% 96% -
PPV 95% 74% 86% 91% 98% -
NPV 59% 64% 77% 96% 89% -

Automated audiometry examination results obtained normal hearing with an average of 16.93 £ 5.34 dB, mild hearing
loss with an average of 31.67 £ 4.21 dB, moderate with an average of 50.78 &+ 4.11 dB, moderate to severe degree with
the average was 59.37 & 0.88 dB and severe degree with an average of 87.50 &£ 2.89 dB (Table 3).

The normality test results showed that the data were not normally distributed, so to find out significant differences
between the two examinations, the Mann-Whitney test was used. The results showed significant differences (p < 0.05)
between automated audiometry and conventional audiometry in both ears (Table 4).

The automated audiometry test results compared with conventional audiometry results as the gold standard, obtained a
sensitivity of 80-97%, specificity 37-96%, positive predictive value (PPV) 74-98%, and negative predictive value (NPV)
59-96% (Table 5).

Discussion

The limitation of this study is that high frequencies (8000-16000 Hz) data collection of the automated audiometry was not
carried out. The distribution of sex in this study found more male than female patients, consisting of 21 males (58.33%)
and 15 females (41.67%). These results are consistent with research in China where 1154 MDR-TB incidents comprised
777 males and 377 females.'' MDR-TB is more frequent in males, a fact that is supported by research in Rawalpindi,
Pakistan, that reports MDR-TB is more dominant in males with 23 cases than in females with 15 cases.'” However, a
study in Ethiopia stated that the risk of MDR-TB decreases by 14% in males compared to females. "

Another study in Surakarta reported MDR-TB cases in 50 males and 26 females.' The reason for this is not yet known,

but could be due to male mobility or exposure due to social interactions is higher than female and non-compliance of a
male patient in consuming anti-TB drugs.'” A study about the risk of multidrug- or rifampicin-resistance in males versus
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females stated that there was no evidence of either sex being more at risk of MDR-TB.'® The age characteristic of the

youngest MDR-TB patients is 18 years, while the oldest is 85 years. The most populous age group was 45 to 54 years with
13 patients (36.11%). The average age of patients with MDR-TB was 43.44 years. Research in China reports that the most
populous age group of MDR-TB patients is 31-45 years, with as many as 383 patients.’' Other studies in Mali report as
many as 134 of 214 MDR-TB patients, including in the age group <40 years.'’ A study in Gujarat reported that majority
of MDR-TB patients were aged between 40 to 50 years.'® Age groups between 24-50 were found more in this study,
probably because of its higher activity than other age groups.

The comparison test results using the Mann-Whitney test showed significant differences between automated audiometry
and conventional audiometry in both ears. Research on the accuracy and efficiency of automated audiometry reports that
automated audiometry is a stable, accurate, and time-efficient method for evaluating adult hearing status with normal
hearing and hearing loss.'” Research in South Africa stated that there is no significant difference between conventional
audiometry and automated audiometry.”” Several reports included in a systematic review indicated that automated
audiometry using the method of adjustment (Békésy sweep or Békésy fixed frequency method) generally yields lower
(i.e., better) thresholds compared with manual audiometry.”'—°

Other studies report that conventional audiometry and audiometry hearing threshold results show a small difference.”’
Studies in primary school children aged 6-10 years in South Africa report that automated audiometry can correctly
identify 87.5% of hearing loss detected using conventional audiometry.”® Another study in industry reported that the
difference in the hearing threshold between automated audiometry and conventional audiometry was less than 5 dB.>’
The difference in the results of the two examinations in this study was probably due to the difference in the frequency of
the two devices used and the different conditions (fatigue, shortness of breath) of patients with MDR-TB when examined.

The automated audiometry results against the conventional audiometry results obtained 80-97% sensitivity, specificity
37-96%, positive predictive value 74-98%, and negative predictive value 59-96%. Research evaluating the sensitivity
and specificity of automated audiometry reports that automated audiometry has a high sensitivity, ranging from 86-100%
and specificity of 78-100%. Positive predictive value is around 89-91%, and negative predictive value is about 89-100%,
indicating that automated audiometry can be used to identify hearing loss.”’ The results in this study were obtained
according to the reference. The background noise level of a non-soundproofed room does not affect the accuracy of the
hearing threshold value obtained using automated audiometry. In this reseach, authors want to test the validity of
automated auditory as method hearing examination because there are already difference in the regulation of the
examination namely without use of kanamycin injection. Its hoped that automated auditory can be used, but the
advantage of this examination is that it provides benefits and convenience to an assistant so that the audiologist can
work on more advanced measures in the clinic.

Conclusions
This study shows that automated audiometry is a valid method of hearing examination and monitoring in patients
with multidrug-resistant tuberculosis with normal hearing or hearing loss. Automated audiometry does not require a
soundproof booth, rather can be performed in an open space. An active noise monitoring feature monitors the high level of
background noise when conducting audiometry, making it possible to pause the test until the background noise level
returns to low.

Data availability

Underlying data

Figshare: Validity of automated audiometry for hearing examination in patients with multidrug-resistant tuberculosis.
https://doi.org/10.6084/m9.figshare.17129123.%'

Data are available under the terms of the Creative Commons Attribution 4.0 International license (CC-BY 4.0).

References

1. Paul R: The threat of multidrug-resistant tuberculosis. J. Global 2. Heysell SK, Ahmed S, Rahman MT, et al.: Hearing loss with
Infect. Dis. 2018; 10(3): 119-120. kanamycin treatment for multidrug-resistant tuberculosis in
PubMed Abstract | Publisher Full Text Bangladesh. Eur. Respir. J. 2018; 51(3): 1-3.

Page 6 of 12


https://doi.org/10.6084/m9.figshare.17129123
https://creativecommons.org/licenses/by/4.0/
http://www.ncbi.nlm.nih.gov/pubmed/30166808
https://doi.org/10.4103/jgid.jgid_125_17
https://doi.org/10.4103/jgid.jgid_125_17
https://doi.org/10.4103/jgid.jgid_125_17

Gamboa I, Sousa PC, Duarte D, et al.: Amikacin ototoxicity:
case report and literature review. Otolaryngology Online Journal.
2018; 8(4): 1-5.

Peterson L, Rogers C: Aminoglycoside-induced hearing deficits -
a review of cochlear ototoxicity. S. Afr. Fam. Pract. 2015; 57(2):
77-82.

Publisher Full Text

Ganesan P, Schmiedge J, Manchaiah V, et al.: Ototoxicity: a
challenge in diagnosis and treatment. J. Audiol. Otol. 2018; 22(2):
59-68.

PubMed Abstract | Publisher Full Text

Challenge TB: Guide to detect and manage hearing loss during
the management of drug-resistant tuberculosis. 2019. Accessed
February 1, 2020.

Reference Source

Challenge TB: Audiometry in the management of drug-resistant
tuberculosis. 2017. Accessed February 1, 2020.
Reference Source

American Speech Language Hearing Association: Guidelines for
manual pure-tone threshold audiometry. 2019. Accessed
February 1, 2020.

Reference Source

Shojaeemend H, Ayatollahi H: Automated audiometry: a review of
the implementation and evaluation methods. Healthc. Inform.
Res. 2018; 24(4): 263-275.

PubMed Abstract | Publisher Full Text

Storey KK, Munoz K, Nelson L, et al.: Ambient noise impact
accuracy of automated hearing assessment. Int. J. Audiol. 2014;
53(10): 730-736.

PubMed Abstract | Publisher Full Text

Lu Z, Jiang W, Zhang J, et al.: Drug resistance and
epidemiology characteristics of multidrug-resistant
tuberculosis patients in 17 provinces of China. PLoS One. 2019;
14(11): 1-14.

Publisher Full Text

Rafique A, Dastgir M, Jamalullah M, et al.: Streptomycin associated
hearing loss in patients treated for multidrug resistant
tuberculosis. Isr. Med. J. 2012; 4(3): 139-142.

Alemu A, Bitew ZW, Diriba G, et al.: Risk factors associated with
drug-resistant tuberculosis in Ethiopia: a systematic review and
meta-analysis. Authorea. 2021; 1: 1-12.

Publisher Full Text

Pamungkas P, Rahardjo SS, Murti B: Evaluation of multidrug
resistant tuberculosis predictor index in Surakarta, Central
Java. J. Epidemiol. Public Health. 2018; 03(2): 263-276.
Publisher Full Text

Soeroto AY, Pratiwi C, Santoso P, et al.: Factors affecting outcome
of longer regimen multidrug-resistant tuberculosis treatment
in West Java Indonesia: a retrospective cohort study. PLoS One.
2021; 16(2): 1-13.

Publisher Full Text

McQuaid CF, Horton KC, Dean AS, et al.: The risk of multidrug- or

rifampicin-resistance in males versus females with
tuberculosis. Eur. Respir. J. 2020; 56(3): 1-14.

Baya B, Achenbach CJ, Kone B, et al.: Clinical risk factors associated
with multidrug-resistant tuberculosis (MDR-TB) in Mali.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

F1000Research 2022, 10:1277 Last updated: 12 SEP 2022

Int. J. Infect. Dis. 2019; 81: 149-155.
PubMed Abstract | Publisher Full Text

Bhardwaj M, Shah KV: A cross-sectional study to correlate
demographic and clinical profile of multi-drug resistant
tuberculosis patients in a tertiary hospital. IP Indian J. Inmunol.
Respir. Med. 2021; 6(2): 80-85.

Publisher Full Text

Swanepoel DW, Mngemane S, Molemong S, et al.: Hearing
assessment-reliability, accuracy, and efficiency of automated
audiometry. Telemed. J. E Health. 2010; 16(5): 557-563.

PubMed Abstract | Publisher Full Text

Mahomed F, Swanepoel DW, Eikelboom RH, et al.: Validity of
automated threshold audiometry: a systematic review and
meta-analysis. £ar Hear. 2013; 34(6): 745-752.

PubMed Abstract | Publisher Full Text

Maiya PS, Kacker SK: Comparison of threshold between pure tone
and Bekesy audiometry. Silent Wid. 1973; 8: 16-20.

Robinson DW, Whittle LS: A comparison of self-recording and
manual audiometry: some systematic effects shown by
unpractised subjects. J. Sound Vib. 1973; 26: 41-62.

Publisher Full Text

Erlandsson B, Hakanson H, Ivarsson A: Comparison of the hearing
threshold measured by manual pue-tone and by self-recording
(Békésy) audiometry. Audiology. 1979; 18: 414-429.

PubMed Abstract | Publisher Full Text

Harris DA: Microprocessor, self-recording and manual
audiometry. J. Aud. Res. 1979; 19: 159-166.
PubMed Abstract

Frampton MC, Counter RT: A comparison of self recording
audiometry in naval establishments and clinical audiometry in
a hospital setting. J. Roy. Nav. Med. Serv. 1989; 75: 99-104.
PubMed Abstract | Publisher Full Text

Ishak WS, Zhao F, Stephens D: Test-retest reliability and validity of
Audioscan and Békésy compared with pure tone audiometry.
Audiol. Med. 2011; 9: 40-46.

Publisher Full Text

Jones CGB, Eikelboom RH, Swanepoel DW, et al.: Clinical validation
of automated audiometry with continuous noise-monitoring in
a clinically heterogeneous population outside a soundtreated
environment. Int. J. Audiol. 2016; 55(9): 507-513.

PubMed Abstract | Publisher Full Text

Mahomed AF, Swanepoel DW, Eikelboom RH: Diagnostic hearing
assessment in schools: validity and time efficiency of
automated audiometry. ). Am. Acad. Audiol. 2016; 27: 42-48.

Meinke DK, Norris JA, Flynn BP, et al.: Going wireless and booth-
less for hearing testing in industry. Int. J. Audiol. 2017; 56: 41-51.
PubMed Abstract | Publisher Full Text

Skjonsberg A, Heggen C, Jamil M, et al.: Sensitivity and specificity
of automated audiometry in subjects with normal hearing or
hearing impairment. Noise & Health A Bimonthly Inter-disciplinary
International Journal. 2019; 21(98): 1-6.

Publisher Full Text

Purnami N: Validity of automated audiometry for hearing
examination in patients with multidrug-resistant tuberculosis.
figshare. Dataset. 2021.

Publisher Full Text

Page 7 of 12


https://doi.org/10.1080/20786190.2014.1002220
http://www.ncbi.nlm.nih.gov/pubmed/29471610
https://doi.org/10.7874/jao.2017.00360
https://doi.org/10.7874/jao.2017.00360
https://doi.org/10.7874/jao.2017.00360
https://www.challengetb.org
https://www.challengetb.org
https://www.asha.org
http://www.ncbi.nlm.nih.gov/pubmed/30443414
https://doi.org/10.4258/hir.2018.24.4.263
https://doi.org/10.4258/hir.2018.24.4.263
https://doi.org/10.4258/hir.2018.24.4.263
http://www.ncbi.nlm.nih.gov/pubmed/24909592
https://doi.org/10.3109/14992027.2014.920110
https://doi.org/10.3109/14992027.2014.920110
https://doi.org/10.3109/14992027.2014.920110
https://doi.org/10.1371/journal.pone.0225361
https://doi.org/10.1111/tbed.14378
https://doi.org/10.26911/jepublichealth.2018.03.02.06
https://doi.org/10.1371/journal.pone.0246284
http://www.ncbi.nlm.nih.gov/pubmed/30772470
https://doi.org/10.1016/j.ijid.2019.02.004
https://doi.org/10.1016/j.ijid.2019.02.004
https://doi.org/10.1016/j.ijid.2019.02.004
https://doi.org/10.18231/j.ijirm.2021.018
http://www.ncbi.nlm.nih.gov/pubmed/20575723
https://doi.org/10.1089/tmj.2009.0143
https://doi.org/10.1089/tmj.2009.0143
https://doi.org/10.1089/tmj.2009.0143
http://www.ncbi.nlm.nih.gov/pubmed/24165302
https://doi.org/10.1097/01.aud.0000436255.53747.a4
https://doi.org/10.1097/01.aud.0000436255.53747.a4
https://doi.org/10.1097/01.aud.0000436255.53747.a4
https://doi.org/10.1016/S0022-460X(73)80204-4
http://www.ncbi.nlm.nih.gov/pubmed/496724
https://doi.org/10.3109/00206097909070067
https://doi.org/10.3109/00206097909070067
https://doi.org/10.3109/00206097909070067
http://www.ncbi.nlm.nih.gov/pubmed/553920
http://www.ncbi.nlm.nih.gov/pubmed/2607503
https://doi.org/10.1136/jrnms-75-99
https://doi.org/10.1136/jrnms-75-99
https://doi.org/10.1136/jrnms-75-99
https://doi.org/10.3109/1651386X.2010.537124
http://www.ncbi.nlm.nih.gov/pubmed/27206551
https://doi.org/10.1080/14992027.2016.1178858
https://doi.org/10.1080/14992027.2016.1178858
https://doi.org/10.1080/14992027.2016.1178858
http://www.ncbi.nlm.nih.gov/pubmed/27976975
https://doi.org/10.1080/14992027.2016.1261189
https://doi.org/10.1080/14992027.2016.1261189
https://doi.org/10.1080/14992027.2016.1261189
https://doi.org/10.4103/1463-1741.278701
https://doi.org/10.6084/m9.figshare.17129123.v1

F1000Research 2022, 10:1277 Last updated: 12 SEP 2022

Open Peer Review

Current Peer Review Status: ¥

Reviewer Report 12 September 2022

https://doi.org/10.5256/f1000research.136850.r146234

© 2022 Clark J. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

v

Jackie L. Clark

1 Callier Center for Communication Disorders, University of Texas at Dallas, Dallas, TX, USA

2 Department of Speech Pathology and Audiology, University of Witwatersrand, Johannesburg,
South Africa

Thank you for thoughtfully reading through reviewer comments and providing your responses.
While I understand the authors found no clinically significant differences between the two
conditions, I would strongly encourage the authors to add a comment in the conclusions of their
MS that their findings demonstrated good noise attenuation by the equipment in moderately (less
pristine) noisy environments, however it is important for all testers to be mindful of the
manufacturer's warnings.

My concern is that there will be some readers that will interpret the study results encouraging test
in any and every environment especially with exceedingly poor testing protocol within
outrageously noisy (both auditorily and visually) environments. As a consequence, building the
impression amongst other medical professionals that auditory measures are not reliable. Again,
visual as well as auditory noise can be detrimental to all audiometric test results if the noise
exceeds specific limits should also be noted by the authors. Otherwise, the authors are
encouraging poor testing protocols and completely ignoring the manufacturer recommendations
for using automated audiometry in an open environment.

Thank you for responding with thoroughness of an adequate explanation. I DO believe it is
important for the authors to conclude with very clear language that for optimal use they encourage
all testing sites to follow the manufacturer's suggested guidelines for use of equipment.

I completely understand that in this situation, the researchers were aware of the limits of
acceptable and optimal environmental. It is also important as leaders in research to encourage
others to conduct proper and ethical testing. Unfortunately, our uninformed colleagues may not
be aware of these important issues of maintaining proper and ethical test environments.

Competing Interests: No competing interests were disclosed.

Page 8 of 12


https://doi.org/10.5256/f1000research.136850.r146234
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

F1000Research 2022, 10:1277 Last updated: 12 SEP 2022

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 13 April 2022

https://doi.org/10.5256/f1000research.78907.r123563

© 2022 Clark J. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

?

Jackie L. Clark

1 Callier Center for Communication Disorders, University of Texas at Dallas, Dallas, TX, USA

2 Department of Speech Pathology and Audiology, University of Witwatersrand, Johannesburg,
South Africa

Though there are a number of studies over the past number of years across the globe with similar
findings. I only have a few minor concerns: the authors indicated that there were significant
threshold differences between the automated vs conventional audiometry; and conclusion
suggests that the automated audiometry is a valid method of hearing examination. The significant
differences may be statistically different, and though they don't appear with the limited data
available, there is no clinically significant difference between the two conditions.

The other concern is that the automated audiometry was completed in a relatively hostile
environment. The manufacturer suggests that while a sound booth is not necessary, it IS
necessary to find an auditorily and visually quiet space. If the system were used appropriately (i.e.
in an environment without visual and auditory competition) the findings may have revealed less
difference between the two conditions. It is important to keep in mind that the advantage of the
automated audiometry is the capability of task shifting to an assistant so that the audiologist can
work on more advanced measures in the clinic. The noise suppression system within the
automated system optimizes the assessment outcomes.

Thank you for the opportunity of reviewing this interesting manuscript.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Partly

Are sufficient details of methods and analysis provided to allow replication by others?
Yes
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I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Nyilo Purnami, Universitas Airlangga, Surabaya, Indonesia

1. "The authors indicated that there were significant threshold differences between the
automated vs conventional audiometry; and conclusion suggests that the automated
audiometry is a valid method of hearing examination."

I Agree, in here the authors want to test the validity of automated auditory as
method hearing examination because there are already differences in the
regulation of the examination, namely without the use of canamicyn
injection. it is hoped that automated auditory can be used

2. "The significant differences may be statistically different, and though they don't appear
with the limited data available, there is no clinically significant difference between the two
conditions"

Because the research is limited in time, we using patient medical records in a six
month period. There is no clinically significant different because patient and
equipment limitations.

3. "The manufacturer suggests that while a sound booth is not necessary, it IS necessary to
find an auditorily and visually quiet space.”

An active noise monitoring feature monitors the high level of background noise
when conducting audiometry, making it possible to pause the test unlit the
background noise level. But thank you for suggestions, may be the next
research we will consider carefully about manufacturer suggest.
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4. "If the system were used appropriately (i.e. in an environment without visual and auditory
competition) the findings may have revealed less difference between the two conditions. It
is important to keep in mind that the advantage of the automated audiometry is the
capability of task shifting to an assistant so that the audiologist can work on more
advanced measures in the clinic. The noise suppression system within the automated
system optimizes the assessment outcomes."

The advantage of this examination is that it provides benefits and

convenience to an assistant so that the audiologist can work on more advanced
measures in the clinic.
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Herman A. Jenkins
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Access and therefore expense of providing standard audiometry testing is often difficult,
particularly in developing countries with areas of limited access. This manuscript compares
standard audiometry with an automated form. The latter does not require sound dampened
facilities or great expense. The investigators compared the two and demonstrated that, while the
automated testing was less predictive of hearing level, it was within a range to make it feasible for
situations not allowing sophisticated setup.

The authors have used a small, but valid sample and the conclusions that they have drawn are
valid. Monitoring in conditions as drug resistance or chemotherapy is important and the use of
automated testing provided sufficient information to validate the hearing level without requiring
expensive set up. I would recommend indexing the manuscript as is.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes
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Thank you very much.
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