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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.

Keywords 
multidrug-resistant tuberculosis, ototoxicity, audiometry

Open Peer Review

Approval Status   

1 2

version 2

(revision)
02 Aug 2022

view

version 1
14 Dec 2021 view view

Herman A. Jenkins, University of Colorado 

School of Medicine, Aurora, USA

1. 

Jackie L. Clark, University of Texas at Dallas, 

Dallas, USA 

University of Witwatersrand, Johannesburg, 

South Africa

2. 

Any reports and responses or comments on the 

article can be found at the end of the article.

 
Page 1 of 12

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

https://f1000research.com/articles/10-1277/v2
https://f1000research.com/articles/10-1277/v2
https://orcid.org/0000-0001-9572-2679
https://doi.org/10.12688/f1000research.75090.1
https://doi.org/10.12688/f1000research.75090.2
https://f1000research.com/articles/10-1277/v2
https://f1000research.com/articles/10-1277/v2#referee-response-146234
https://f1000research.com/articles/10-1277/v1
https://f1000research.com/articles/10-1277/v2#referee-response-115235
https://f1000research.com/articles/10-1277/v2#referee-response-123563
http://crossmark.crossref.org/dialog/?doi=10.12688/f1000research.75090.2&domain=pdf&date_stamp=2022-08-02


Corresponding author: Nyilo Purnami (nyilo@fk.unair.ac.id)
Author roles: Purnami N: Conceptualization, Data Curation, Investigation, Project Administration; Palandeng RW: Resources, 
Validation; - S: Data Curation, Resources; Arifianto D: Investigation, Validation; Moon IS: Resources
Competing interests: No competing interests were disclosed.
Grant information: This work was supported by Lembaga Pengelola Dana Pendidikan (LPDP) Rispro (Grant No.PRJ-80/LPDP/2019; to 
Soedarsono and Dhany Arifianto). 
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
Copyright: © 2022 Purnami N et al. This is an open access article 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.
How to cite this article: Purnami N, Palandeng RW, - S et al. Validity of automated audiometry for hearing examination in patients 
with multidrug-resistant tuberculosis [version 2; peer review: 2 approved] F1000Research 2022, 10:1277 
https://doi.org/10.12688/f1000research.75090.2
First published: 14 Dec 2021, 10:1277 https://doi.org/10.12688/f1000research.75090.1 

 
Page 2 of 12

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

mailto:nyilo@fk.unair.ac.id
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12688/f1000research.75090.2
https://doi.org/10.12688/f1000research.75090.1


Introduction
Multidrug-resistant tuberculosis (MDR-TB) is tuberculosis (TB) resistant to isoniazid and rifampicin, with or without
resistance to other anti-TB drugs.1 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.2,3 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).4,5

Initial hearing screening - at least air conduction (AC) - should be done on all patients whowill 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.6,7

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.8 Not all hospitals have soundproof chambers for this examination, and they are not
recommended forMDR-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.6,7

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.9,10

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 withMDR-TB in the Pulmonology outpatient unit Dr. SoetomoAcademicMedical 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 comparedwith conventional audiometry results that were calculated at all frequencies. The subsequent analysis with
IBM SPSS Statistics 25.0 uses a 2 � 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%).31

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 � 4.42 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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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 (8000-16000Hz) 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 1154MDR-TB incidents comprised
777 males and 377 females.11 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.12 However, a
study in Ethiopia stated that the risk of MDR-TB decreases by 14% in males compared to females.13

Another study in Surakarta reported MDR-TB cases in 50 males and 26 females.14 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.15 A study about the risk of multidrug- or rifampicin-resistance in males versus

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 4.11

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

Severe Profound

Sensitivity 80% 89% 89% 97% 93% -

Specificity 89% 37% 70% 85% 96% -

PPV 95% 74% 86% 91% 98% -

NPV 59% 64% 77% 96% 89% -

Page 5 of 12

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



females stated that there was no evidence of either sex being more at risk of MDR-TB.16 The age characteristic of the
youngestMDR-TB patients is 18 years, while the oldest is 85 years. Themost populous age groupwas 45 to 54 years with
13 patients (36.11%). The average age of patients withMDR-TBwas 43.44 years. Research in China reports that themost
populous age group of MDR-TB patients is 31-45 years, with as many as 383 patients.11 Other studies in Mali report as
many as 134 of 214MDR-TB patients, including in the age group ≤40 years.17 A study in Gujarat reported that majority
of MDR-TB patients were aged between 40 to 50 years.18 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 theMann-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.19 Research in South Africa stated that there is no significant difference between conventional
audiometry and automated audiometry.20 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.21–26

Other studies report that conventional audiometry and audiometry hearing threshold results show a small difference.27

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.28 Another study in industry reported that the
difference in the hearing threshold between automated audiometry and conventional audiometry was less than 5 dB.29

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 withMDR-TBwhen 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.30 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 noisemonitoring featuremonitors 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.17129123.31

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

Author Response 26 Jul 2022
Nyilo Purnami, Universitas Airlangga, Surabaya, Indonesia 

"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 
 

1. 

"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. 
 

2. 

"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. 
 

3. 
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"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.

4. 
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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.
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Are all the source data underlying the results available to ensure full reproducibility?
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Competing Interests: No competing interests were disclosed.

Reviewer Expertise: I am Chair of an Otolaryngology-Head and Neck Surgery Department in the 
USA with expertise in hearing and balance disorders and monitoring both.

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.

Author Response 03 Feb 2022
Nyilo Purnami, Universitas Airlangga, Surabaya, Indonesia 

Thank you very much.  
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