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ABSTRACT 
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Name:   Lucia Jane Stevenson 
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Degree:   PhD Audiology 

 

Ototoxicity occurs when certain life-saving drugs or ionising radiation are administered 

to patients for the treatment of illness such as cancers, cystic fibrosis and tuberculosis. 

Ototoxic drugs, including aminoglycoside antibiotics and platinum-based 

chemotherapies, cause damage to the cochlear or vestibular structures of the inner 

ear, or both, affecting sensory function. South Africa has a high burden of drug-

resistant tuberculosis (DRTB) and until recently, aminoglycosides, were predominant 

in treatment regimens. Decentralised community-based ototoxicity monitoring 

programmes (OMPs) facilitated by community health workers (CHWs) have been 

implemented in response to the DRTB ototoxicity burden and to support early detection 

of hearing loss and increased patient access to services. This research project entailed 

a retrospective record review of longitudinal ototoxicity monitoring of 831 patients with 

DRTB, using data collected at 19 community-based clinics by six CHWs and two 

primary health care (PHC) audiologists, using portable audiological equipment in the 

City of Cape Town between 2013 and 2017. Three studies were conducted. 

Study I evaluated the service delivery practices of a decentralised, community-based 

OMP facilitated by CHWs for 831 patients (age mean = 36.1; SD = 11.0) with DRTB. 

The service delivery practices were evaluated against the OMP protocol and national 
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and international recommended guidelines for ototoxicity monitoring. Approximately 

half (46.8%) of the patients had an initial assessment conducted in accordance with 

the OMP protocol recommendations. The OMP follow-up rates improved from 53.7% 

to 79.5% as the OMP became more established over time, higher than those of a 

similar DRTB treatment programme. However, the frequency and regularity of 

ototoxicity monitoring assessments for patients in this study did not meet the 

recommendations of the OMP protocol or the guidelines for ototoxicity monitoring. On 

average, patients were assessed 3.1 (SD = 2.31) times, with just 8% (69/831) of 

patients returning for the recommended six or more ototoxicity monitoring 

assessments. Ototoxicity monitoring was conducted on average every 58.3 (SD = 

6.23) days, almost twice the 30 days recommended by the OMP protocol. Extended 

high-frequency (EHF) pure-tone audiometry (27.5%) was underutilised by testers and 

data recording was inconsistent (e.g. 37.7% of patient gender was not recorded by 

testers).  

Study II described the observed longitudinal treatment effects for DRTB and ototoxicity 

monitoring conducted by CHWs using conventional audiometry (0.25–8 kHz), in a 

decentralised community-based model of care. Of the 831 patients included in Study 

I, 194 (age mean = 36.2; SD = 11.3) met the selection criteria and were included in 

Study II. Patients’ initial assessments were conducted on average 16.8 days (SD = 

86.5; range = -494 to 14 days) before treatment initiation. Follow-up rates for 

consecutive monitoring assessments reached as high as 80.6% for patients assessed 

by CHWs. However, few patients (14.2–32.6%) were assessed with the frequency (≥ 

6 assessments) and regularity required for effective ototoxicity monitoring, with 

assessments conducted on average every 53.4 to 64.3 days. There was a significant 

(p = 0.019; U = 2637.0) difference between the average number of follow-up visits 

made by patients assessed by CHWs (average = 3.3; SD = 2.1; 148/194) and those 

assessed by PHC audiologists (average = 4.3; SD = 2.5; 46/194). However, the 

average number of days elapsing between monitoring assessments were fewer for 

patients assessed by CHWs (53.4 days; SD = 10.3) than for patients assessed by PHC 

audiologists (64.3 days; SD = 19.3). There was a high prevalence (51.5%; 100/194) of 

pre-existing hearing loss for patients at the time of the initial assessment. Following 

DRTB treatment, 51.5% (100/194) of patients presented with a significant ototoxic shift 

meeting one or more of the American Speech-Language-Hearing Association (ASHA) 
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criteria with ototoxic shifts occurring most often at the high frequencies (4–8 kHz). 

Deterioration in hearing thresholds was bilateral and most pronounced (p < 0.05) at 

the high frequencies (4–8 kHz) and high frequency pure tone average (PTA) (3–8 kHz). 

The presence of pre-existing hearing loss, HIV co-infection, and a history of noise 

exposure were significant predictors (p < 0.05) of ototoxicity in DRTB patients.  

Study III investigated EHF audiometry for monitoring ototoxicity in a longitudinal 

treatment programme. Of the 831 patients included in Study I, 69 (age mean = 37.9; 

SD = 11.2) met the selection criteria and were included in Study III. Gender (27.5%; 

19/69) and medication type (47.8%; 33/69) administered to patients was not recorded 

on the data collection forms by some testers and was therefore unavailable for 

inclusion in this retrospective study. Initial assessments were conducted on average 

40.3 days (SD = 70.9; range = 0 to 301 days) after treatment initiation. At the initial 

assessment, 36.2% (25/69) of patients presented with a hearing loss in one or more 

frequency in the conventional range (0.25–8 kHz); compared to 65.2% (45/69) of 

patients when also considering EHF thresholds (0.25–16 kHz). Following treatment, 

the mean hearing threshold deterioration was significant (p < 0.05) at EHFs and the 

EHF PTA (9–16 kHz) of both ears. Including EHF thresholds resulted in more than half 

of patients (56.5%; 39/69) presenting with a significant ototoxic shift meeting one or 

more of the ASHA criteria, compared to 31.9% (22/69) if EHFs were not considered. 

Absent EHF thresholds owing to maximum equipment output limits were most pertinent 

at 16 kHz, with 17.4% of patient thresholds absent at the time of the initial assessment.  

This research project demonstrated that community-based ototoxicity monitoring is a 

feasible option to improve access to services and improve follow-up rates for patients. 

With ongoing training and supportive supervision, CHWs can facilitate community-

based ototoxicity monitoring. DRTB treatment with kanamycin resulted in a significant 

deterioration of hearing status longitudinally, most markedly in the high frequencies 

and EHFs. The findings confirm that EHF audiometry is most sensitive for the early 

detection of ototoxicity and should be included in OMPs. However, to improve 

community-based OMP outcomes, OMP managers should reassess current protocols, 

guidelines and data recording practices and consider novel devices for ototoxicity 

monitoring with shortened optimised assessment approaches that target frequencies 

most sensitive to ototoxicity, including EHFs. 
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DEFINITIONS OF KEY TERMS 

 

COMMUNITY- BASED SERVICES Integrated person-centred healthcare 

services provided to patients outside hospital 

settings, such as clinics, which are delivered 

by a broadly defined community health 

workforce supported and supervised by 

centralised facility-based personnel. 

COMMUNITY HEALTH WORKERS A variety of community health aides who are 

trained and working in their own 

communities. Community health workers are 

supported by a health system but not 

necessarily part of its organisation. 

Community health workers engage in task-

sharing, which involves the appropriate 

reallocation of tasks traditionally performed 

by highly qualified healthcare workers to non-

specialist workers, with shorter training and 

fewer qualifications. 

DRUG-RESISTANT TUBERCULOSIS Tuberculosis that is resistant to one or more 

of the most effective anti-TB drugs, rifampicin 

and isoniazid. Rifampicin-resistant TB 

(RRTB), multidrug-resistant TB (MDRTB) 

and extensive drug-resistant TB (XDRTB) 

are the main types of drug-resistant 

tuberculosis.  
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EXTENDED HIGH-FREQUENCY PURE TONE AUDIOMETRY 

Pure tone air-conduction threshold 

audiometry is the behavioural measurement 

of an individual's hearing sensitivity for 

calibrated pure tones, using earphones. 

Extended high-frequency (EHF) pure tone 

audiometry involves the assessment of the 

frequencies 0.25 kHz, 0.5, 1, 2, 3, 4, 6, 8, 9, 

11.2, 12.5, 14 and 16 kHz.  

OTOTOXICITY MONITORING Regular monitoring of a patient’s hearing 

thresholds throughout the course of ototoxic 

treatment, by comparing hearing thresholds 

obtained before, during and after treatment 

for purposes of the early detection, 

prevention and treatment of changes in 

hearing to reduce the functional impact of 

drug-induced ototoxicity. 
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CHAPTER 1: INTRODUCTION 

 

The aim of this chapter is to provide an overview of the literature on ototoxicity 

monitoring for drug-induced ototoxicity using conventional audiometry and extended 

frequency (EHF) audiometry, and the ototoxicity observed in drug-resistant 

tuberculosis (DRTB) patients. 

1.1 Background 

Ototoxicity occurs when certain life-saving pharmaceutical drugs or ionising radiation 

are administered to patients, causing damage to the cochlear or vestibular structures 

of the inner ear, or both, and affecting sensory function (Rizk et al., 2020; Steyger, 

2021b). Between 200 to 600 drugs are known to cause ototoxic damage to hearing 

and/or balance (Lanvers-Kaminsky et al., 2017; Watts, 2019; World Health 

Organisation [WHO], 2021b). Environmental ototoxins such as certain solvents, heavy 

metals and chemicals are also known to be ototoxic (Steyger, 2021b; Watts, 2019). 

Cochleotoxicity typically results in tinnitus and/or hearing loss while vestibulotoxicity 

causes impairment of coordination, such as dizziness, imbalance and vertigo (Rizk et 

al., 2020). Ototoxic agents can also affect the vestibulocohlear nerve and/or central 

auditory pathways and are thus considered neurotoxic (Salvi, 2020; Steyger, 2021b; 

Watts, 2019). Each ototoxic agent has a particular mechanism of action that causes 

damage to the inner ear, resulting in a particular manifestation of the symptoms 

associated with ototoxicity (Rizk et al., 2020; Watts, 2019). The extent of the damage 

caused by ototoxic drugs to the cochlear and vestibular structures is also dependent 

on the characteristics of exposure, including drug dosage, duration and route of 

administration (Lanvers-Kaminsky et al., 2017; Steyger, 2011; WHO, 2021b). It is 

therefore important to consider how much, how often and for how long exposure to an 

ototoxic drug has occurred (Watts, 2019). Patient-specific factors such as a genetic 

predisposition to drug-induced ototoxicity, previous exposure to ototoxic drugs, clinical 

conditions/diseases, metabolic status and the presence of pre-existing hearing loss 

may influence the impact of drug-induced ototoxicity experienced by a patient (Watts, 

2019; WHO, 2021b).  
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The most frequently used ototoxic drug classes are aminoglycoside antibiotics and 

platinum-based chemotherapies (American Academy of Audiology [AAA], 2009; 

Campbell & Le Prell, 2018; Kros & Steyger, 2019; Lanvers-Kaminsky et al., 2017; 

Steyger, 2021a). Aminoglycoside antibiotics are typically used for the treatment of 

bacterial and mycobacterial infections, such as tuberculosis, and in the treatment of 

exacerbated respiratory infections in children with cystic fibrosis (Steyger, 2021b). 

Platinum-based chemotherapies are used in the treatment of cancers (Campbell & Le 

Prell, 2018; Lanvers-Kaminsky et al., 2017). Sensory and neural damage to the 

auditory and vestibular systems causes functional impairment, which may range from 

barely noticeable to completely debilitating (Watts, 2019).  

Both platinum-based chemotherapeutic agents and aminoglycosides target outer hair 

cells at the basal turn of the cochlea, before affecting the apical and inner hair cells 

(Rizk et al., 2020). Outer hair cell death can continue in the lower frequencies of the 

apical region of the cochlea with prolonged ototoxic drug use, leading eventually to 

inner hair cell death (Campbell & Le Prell, 2018; Ganesan et al., 2018; Meiyan et al., 

2017; Rizk et al., 2020; Steyger, 2021a). Damage caused to the cochlear structures 

and sensory function of the inner ear may result in permanent ototoxic hearing loss 

typically progressing from the high to the low frequency range of hearing (Blankenship 

et al., 2021; Ganesan et al., 2018; Ghafari et al., 2020; Meiyan et al., 2017; Steyger, 

2021a). Although rare, certain patients with a genetic susceptibility caused by 

mitochondrial DNA gene mutations (Bardien et al., 2009) may develop a sudden onset 

of profound sensorineural hearing loss following a single dose of an aminoglycoside 

(Ramma, Heinze, et al., 2019). The estimated prevalence of ototoxic hearing loss from 

the use of aminoglycosides is 63%, while 23% to 50% of adults, and up to 60% of 

children, develop hearing loss from the use of platinum-based chemotherapy (WHO, 

2021b).  

1.2 Ototoxicity and drug-resistant tuberculosis 

Clinical research into ototoxicity explores the presence, progression and conditions 

under which functional impairment occurs in populations of interest (Watts, 2019). One 

such population of interest, which presents as an important use case for ototoxicity 

monitoring, is patients with DRTB, who have historically been treated using injectable 
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aminoglycosides (Department Health Republic of South Africa [DOH], 2013, 2018). 

Tuberculosis (TB), a communicable disease caused by the spread of aerobic bacteria, 

remains the world’s most deadly infectious disease (WHO,  2020b). The World Health 

Organisation (WHO) has identified South Africa as one of eight countries making up 

two thirds of the 10 million people who developed TB in 2019 (WHO, 2020b). In 

addition, South Africa is classified as one of 14 countries presenting with a high burden 

of TB, TB and human immunodeficiency virus (HIV) co-infection and multidrug-

resistant TB (MDRTB) (WHO, 2020b, 2021a). Tuberculosis resistance to one or more 

anti-TB drugs is known as DRTB, the main types of which are MDRTB, extensive drug-

resistant TB (XDRTB) and Rifampicin-resistant TB (RRTB) (Centers for Disease 

Control and Prevention (CDC), 2016; DOH, 2018; Western Cape Government Health, 

2018).  

DRTB occurs mainly as a result of poor adherence by TB patients to treatment 

regimens and/or incorrect management or treatment of TB patients by health care 

providers (DOH, 2018; Duggal & Sarkar, 2007); however, direct transmission of drug-

resistant strains is also responsible (Bardien et al., 2009). DRTB has been identified 

as one of the most serious threats to public health, to the control of TB and to economic 

growth (Horsburgh et al., 2019; WHO, 2020b). The COVID-19 pandemic has caused 

significant disruption of access and delivery of TB diagnostic treatment services to 

patients (WHO, 2020d, 2021a). Therefore, in 2021 the WHO calculated the estimated 

global burden of DRTB by using new methods, including consideration of pre-2020 

trends (WHO, 2021b). In so doing, the WHO has estimated that half a million people 

developed DRTB globally in 2019, with the estimated incidence remaining stable in 

2021 (WHO, 2020b, 2021a). Together with Nigeria, South Africa accounted for more 

than half (54%) of the global incidence of cases of DRTB in 2018 (Oga-Omenka et al., 

2020), with the estimated burden of DRTB set to rise in South Africa in the future 

(Lange, Dheda, et al., 2019; Sharma et al., 2017). South Africa has the highest number 

of patients with MDRTB on the African continent (Lange, Aarnoutse, et al., 2019), with 

an estimated 23 out of every 100 000 people being infected with RR/MDRTB (WHO, 

2020b). TB and HIV co-infection may contribute to the increase in the prevalence of 

drug-resistant TB (DRTB) in patients with TB (Wells et al., 2007). 
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Until 2018, before the release of the updated DRTB treatment regimen guidelines 

(DOH, 2018; WHO, 2020c), the treatment regimen for DRTB patients included the use 

of a combination of first and second-line anti-TB drugs, including injectable 

aminoglycosides, for a period of 18 months or longer (DOH, 2018). The global 

prevalence of ototoxic hearing loss as a result of DRTB treatment using 

aminoglycosides has been estimated as 50% (WHO, 2021b). In the Western Cape, 

between 47% and 57% of patients with DRTB develop aminoglycoside-induced 

hearing loss (Melchionda et al., 2013; Petersen & Rogers, 2015; Ramma, Heinze, et 

al., 2019). As of July 2018, the use of injectable-free non-aminoglycoside DRTB 

treatment regimens, which recommend the use of novel, less toxic and more efficient 

all-oral drugs, has been routinely phased in in South Africa (DOH, 2018; Zhao et al., 

2019). The use of non-injectable DRTB treatment regimens, such as bedaquiline, 

protects against the high risk of hearing loss associated with injectable 

aminoglycosides (Khoza-Shangase & Prodromos, 2021; WHO, 2021b). The latest 

WHO DRTB treatment guidelines (WHO, 2020c) support the use of all-oral DRTB 

treatment regimens; however, access to these newer drugs is very limited in many 

countries (Lange, Aarnoutse, et al., 2019) and aminoglycosides are still used. Almost 

half (46%; 17/37) the high-burden TB countries recently surveyed reported still using 

injectable aminoglycosides in the treatment of DRTB (Medicins Sans Fronteires [MSF], 

2020b) resulting in the continued risk of ototoxicity for these patients. Furthermore, for 

patients not suited to an all-oral DRTB treatment regimen, the WHO recommendations 

continue to include the use of amikacin, which is associated with a high prevalence 

(38.9%) of hearing loss (Dillard et al., 2021; Evans et al., 2015; WHO, 2020c; Wrohan 

et al., 2021). 

1.3 Ototoxicity monitoring 

Unaddressed hearing loss is detrimental to quality of life, communication, cognition, 

education, employment, mental health and relationships and causes considerable 

economic impact on society at large (WHO, 2021b). Children are especially vulnerable 

to the pervasive effects of hearing loss, particularly when the acquisition of speech and 

language are interrupted, causing long-term developmental, cognitive, social and 

educational delays (WHO, 2021b). In ideal circumstances, ototoxicity is  a preventable 
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form of acquired hearing loss (Steyger, 2021b); however, the impact of the effects of 

ototoxicity on quality of life necessitate the implementation of otoprotective actions to 

preserve hearing, including ototoxicity monitoring (Steyger, 2021b; Watts, 2019). 

Monitoring the hearing of patients undergoing ototoxic treatment is aimed at the early 

detection, prevention and treatment of changes in hearing to reduce the functional 

impact of drug-induced ototoxicity (AAA, 2009; American Speech-Language-Hearing 

Association [ASHA], 1994; Campbell & Le Prell, 2018; Ganesan et al., 2018; Health 

Professions Council of South Africa [HPCSA], 2018; Petersen & Rogers, 2015; 

Prendergast et al., 2020). Ototoxic damage caused to hearing is detected by regular 

monitoring of a patient’s hearing thresholds throughout the course of treatment (WHO, 

2021b), typically by comparing hearing thresholds obtained before, during and after 

treatment (Campbell & Le Prell, 2018; Ganesan et al., 2018; WHO, 2021b). The 

detection of ototoxic shifts in hearing allows clinicians to adjust treatment regimens, or 

change treatment to an all-oral regimen, which is less toxic and more effective (Khoza-

Shangase & Prodromos, 2021; Lange, Aarnoutse, et al., 2019; Lange, Dheda, et al., 

2019; Lanvers-Kaminsky et al., 2017; Van Deun et al., 2020).  

The American Academy of Audiology (AAA), the American Speech-Language-Hearing 

Association (ASHA) and the Health Professions Council of South Africa (HPCSA) have 

provided guidelines for managers and audiologists to follow when implementing an 

ototoxicity monitoring programme (OMP) (AAA, 2009; ASHA, 1994; HPCSA, 2018). 

The essential components of an OMP include the identification of patients at risk for 

developing ototoxic hearing loss, the timely recording of valid baseline hearing 

thresholds, monitoring assessments conducted at sufficiently regular intervals to detect 

changes in hearing and the employment of follow-up assessments to determine the 

post-treatment effects on hearing (AAA, 2009; ASHA, 1994; HPCSA, 2018). A variety 

of protocols for ototoxicity monitoring exist; however, their implementation varies 

(Crundwell et al., 2016). The determination of the presence or absence of ototoxicity 

depends on the test selected for ototoxicity monitoring and the parameters of its use 

(Campbell & Le Prell, 2018; Watts, 2019). The basic test battery for detecting ototoxic 

hearing loss includes the use of conventional pure tone audiometry, where air 

conduction hearing thresholds of the frequencies 0.25–8 kHz are assessed (Campbell 

& Le Prell, 2018). Conventional audiometry is the most commonly used assessment 
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procedure for ototoxicity monitoring (Ganesan et al., 2018). Ototoxicity resulting from 

aminoglycoside and platinum-based drug use follows a well-established pattern of 

outer hair cell damage, from the basal to the apical region of the cochlea, initially 

causing high frequency hearing loss, progressing to the lower frequency ranges of 

hearing (Campbell & Le Prell, 2018). As a result, extended high-frequency (EHF) 

audiometry, which involves the assessment of air conduction hearing thresholds of the 

frequencies beyond those included in conventional audiometry, 9–16 kHz, and which 

is considered the most sensitive behavioural method for detecting early cochlear outer 

hair cell damage (Campbell & Le Prell, 2018; Harris, Peer, et al., 2012), is 

recommended by national and international guidelines for ototoxicity monitoring (AAA, 

2009; ASHA, 1994; HPCSA, 2018). However, there is considerable variation in the 

assessment procedures recommended for ototoxicity monitoring and their clinical 

implementation (Ganesan et al., 2018). 

Even though the recommendation for the use of EHF audiometry is well established 

(AAA, 2009; ASHA, 1994; HPCSA, 2018), it is still not routinely used for ototoxicity 

monitoring (Blankenship et al., 2021; Ganesan et al., 2018). In South Africa, it is 

common practice for OMPs to use conventional audiometry predominantly when 

conducting ototoxicity monitoring (Govender & Paken, 2015; Khoza-Shangase & 

Masondo, 2021). The lack of routine EHF audiometry use has been attributed to, 

amongst others, time constraints and limited audiological resources (Blankenship et 

al., 2021; Campbell & Le Prell, 2018). A key limitation of EHF audiometry is that it may 

not be practical because the assessment requires more time to conduct than 

conventional audiometry (Ganesan et al., 2018). Patients who are administered 

ototoxic drugs are often ill and fatigued and completing valid behavioural testing may 

be difficult and time consuming for them (Ganesan et al., 2018; Rieke et al., 2017). 

Furthermore, several additional challenges are faced when using EHF audiometry in a 

clinical setting. These challenges Include the possibility of absent hearing thresholds 

in the EHF range of hearing, maximum output limitations of equipment and interference 

from artefacts when reaching the maximum output limits of the equipment, and the 

choice of which EHFs to include in the assessment (Prendergast et al., 2020; Wang et 

al.,2021). In addition, audiology clinics in the private health care sector may, in some 

instances, not receive medical insurance reimbursement for the inclusion of EHFs in 
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diagnostic audiological evaluations. The lack of reimbursement may exacerbate the 

clinical time-cost burden for the use of EHF audiometry, the outcome of which may not 

result in treatment regimen modification or mitigate further ototoxic hearing loss. 

Ototoxicity monitoring using the most sensitive methods for detecting ototoxic damage 

is important to minimise the severity of ototoxic hearing loss (Ganesan et al., 2018). 

For patients to qualify for substitution of non-ototoxic drugs, such as bedaquiline, many 

DRTB treatment programmes require evidence of treatment-related hearing loss 

(Hong et al., 2018). Furthermore, the inclusion of amikacin in the latest WHO treatment 

guidelines (WHO, 2020c) and the continued use of aminoglycosides for the treatment 

of DRTB in some countries means that ototoxicity monitoring will remain an integral 

part of DRTB treatment (Hong et al., 2018). 

1.4 Novel approaches to ototoxicity monitoring in South Africa 

Challenges to the delivery of hearing health care services, including OMPs, are 

pervasive and include access to care, a lack of trained hearing health care workers 

and a lack of resources to conduct serial monitoring (Dillard et al., 2021; Khoza-

Shangase & Masondo, 2021; WHO, 2021b). There is a critical global shortage of 

hearing health care workers, particularly in low- and middle-income countries (WHO, 

2021b). In the WHO Africa region, 78% of countries have fewer than one audiologist 

per 1 million people (WHO, 2021b). Task-sharing has been proposed to address the 

gaps in the hearing health care workforce with the aim of increasing access to high-

quality hearing health care services (O'Donovan et al., 2019; WHO, 2021b). Task-

sharing involves the appropriate reallocation of tasks traditionally performed by highly 

qualified ear and hearing care workers to non-specialist workers, with shorter training 

and fewer qualifications, such as community health workers (CHWs) (WHO, 2021b). 

CHWs include a variety of community health aides who are trained and working in their 

own communities (WHO, 2007). The South African DOH has recognised the need to 

train CHW in the field of rehabilitation, and in 2012 existing CHW were given additional 

training to address the needs of people with disabilities, including hearing loss, in two 

underserved communities in the Western Cape (Gamiet & Rowe, 2019). 
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The challenges facing the delivery of hearing health care have been overcome in many 

parts of the world by adopting public health strategies (WHO, 2021b). The WHO has 

identified community-based services in the context of primary health care as a 

comprehensive framework for addressing the needs of people with hearing loss 

(Gamiet & Rowe, 2019; WHO, 2021b). Advances in technology allowing for boothless 

assessment of hearing using portable audiometers and automated EHF audiometry 

have enabled the assessment of patients in decentralised settings, with limited training 

and resources (WHO, 2021b). Concerns regarding the high incidence of ototoxicity 

associated with aminoglycoside DRTB treatment and the challenges facing 

widespread ototoxicity monitoring, have led the South African government to 

implement decentralised community-based ototoxicity monitoring facilitated by CHWs 

(Gamiet & Rowe, 2019; Leavitt et al., 2021; Ramma, Nhokwara, et al., 2019; WHO, 

2021b). The use of CHWs, supported by innovative technologies, has demonstrated 

improved access to ear and hearing care services (Bright et al., 2019; Eksteen et al., 

2019; O'Donovan et al., 2019) and, together with a public health approach can help to 

address the limited human resources available for ototoxicity monitoring (WHO, 

2021b).  

The COVID-19 pandemic has presented another major challenge to health care 

delivery and has had an extremely negative impact on the provision of and access to 

TB services for patients globally (Migliori et al., 2021; WHO, 2020d; WHO, 2021b). 

This has served to exacerbate the existing difficulties in treating TB and monitoring 

associated ototoxicity. The reallocation of human, financial and other resources from 

TB to the COVID-19 response has had a detrimental impact on essential TB services 

(WHO, 2020b). WHO guidelines promote the establishment of community-based TB 

services delivered primarliy by CHWs, and in the context of the COVID-19 pandemic 

such programmes may mitigate the addtitonal strain on health services and the 

delivery of essential TB services (WHO, 2020a; WHO, 2020b; WHO, 2021a). 
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1.5 Study Rationale 

When ototoxic injectable medications are used in DRTB treatment, ototoxicity 

monitoring is essential to avoid long-term effects on hearing (Wrohan et al., 2021). 

Evaluating the effectiveness and quality of ototoxicity monitoring services is of 

paramount importance (HPCSA, 2018). To our knowledge, this is the first study to 

report on ototoxicity monitoring for DRTB conducted by CHWs in a decentralised 

community-based model of care for increased patient access. Therefore, this study 

aimed to describe the service delivery practices of a community-based OMP for DRTB, 

including a comparison of the facilitation of ototoxicity monitoring by CHWs and by 

PHC audiologists. The practices of this real-world community-based OMP were 

evaluated against the national and international guidelines for ototoxicity monitoring 

and to the OMP protocol to identify successes and pitfalls, with the objective of 

improving services and guiding future OMP implementations. Furthermore, this study 

aimed to provide important additional information on service delivery models 

implementing task-sharing practices in communities, as recommended by the WHO 

(WHO, 2021b). In addition, the study aimed to describe the ototoxicity observed in a 

DRTB patient population. To our knowledge, this is the first study to report on observed 

treatment effects for DRTB over time, with ototoxicity monitoring conducted by CHWs, 

in a decentralised community-based model of care for increased patient access. 

Owing to the limited use of EHF audiometry and the use of different criteria to define 

ototoxicity, the prevalence of aminoglycoside-induced hearing loss and the value of 

EHF audiometry in identifying early changes in hearing remains unclear (Ganesan et 

al., 2018; Steyger, 2021a). Very few studies have reported on the use of EHF 

audiometry (Appana et al., 2016; Ghafari et al., 2020; Hong et al., 2020a) as the 

monitoring procedure for DRTB ototoxicity. In instances where EHF audiometry has 

been used for ototoxicity monitoring of DRTB patients, a high prevalence of ototoxic 

hearing loss (74% to 100%) has been reported (Appana et al., 2016; Ghafari et al., 

2020; Hong et al., 2020a). However, additional insights into cochleotoxicity and the 

use of EHF audiometry can be supported by widespread ototoxicity monitoring with 

improved, objective data-driven measures of hearing loss using EHF audiometry 

(Steyger, 2021a, 2021b). Therefore, this study also aimed to describe the longitudinal 
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monitoring of ototoxicity with EHF audiometry in DRTB patients receiving 

aminoglycoside treatment in order to determine the value of EHF audiometry in 

identifying early changes in hearing. 

1.6 Research project 

This research project consisted of three original studies that focused on community-

based ototoxicity monitoring with EHF audiometry and CHWs for DRTB. These three 

studies aimed to add to the scant body of knowledge on decentralised ototoxicity 

monitoring facilitated by non-specialist personnel and the treatment effects of DRTB 

on hearing as well as the value of EHF audiometry in ototoxicity monitoring to detect 

early changes in hearing. 

Study I described the service delivery practices of a decentralised, community-based 

OMP for DRTB, including a comparison of ototoxicity monitoring facilitated by CHWs 

and by PHC audiologists. The service delivery practices of the OMP were evaluated 

against the national and international guidelines for ototoxicity monitoring and the OMP 

protocol. 

Study II reported on the service delivery characteristics of a decentralised, community-

based OMP for patients with DRTB, facilitated by CHWs and PHC audiologists using 

conventional audiometry (0.25–8 kHz) for ototoxicity monitoring. In addition, this study 

described the ototoxic hearing loss observed in DRTB patients over time. 

Study III described the longitudinal monitoring of ototoxicity with EHF audiometry in 

patients receiving aminoglycoside treatment for DRTB to determine the value of EHF 

audiometry in detecting early changes in hearing. 

Chapter 2 describes the methodology followed for each study. Chapters 3 to 5 are the 

three manuscripts either published, accepted or submitted for publication in peer-

reviewed journals. Finally, Chapter 6 discusses the results, conclusions and clinical 

implications of the three studies making up this research project. 
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CHAPTER 2: METHODOLOGY 

 

The aim of this chapter is to outline the research objectives, design, participants, 

equipment and materials used in this research project. The chapter highlights the 

research procedures, statistical analyses and data processing conducted. The ethical 

considerations adhered to are described. 

2.1 Research objectives and design 

2.1.1 Research objectives 

The main aim of this research project was to describe the service delivery practices of 

a decentralised, community-based OMP for DRTB facilitated by CHWs in the Western 

Cape, and to describe the treatment effects observed in this population longitudinally. 

In addition, the research project investigated ototoxicity monitoring for DRTB patients 

with EHF audiometry to determine the value of EHF audiometry in detecting early 

changes in hearing. In order to achieve these aims, the research project was divided 

according to three research objectives, each comprising a study that was submitted as 

an article to a peer-reviewed journal listed in the Web of Science Master Journal List. 

The three studies are summarised in Table 2.1 according to the title, research 

objectives, journal, publication status and corresponding thesis chapter. 
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Table 2.1 Summary of Studies I to III: Title, research objectives, journal, publication status and corresponding thesis chapter 

Study I II III 

Title Community-based ototoxicity monitoring for 

drug-resistant tuberculosis in South Africa: An 

evaluation study 

A longitudinal community-based ototoxicity 

monitoring programme and treatment effects for 

drug-resistant tuberculosis treatment, Western 

Cape 

Extended high frequency audiometry for 

ototoxicity monitoring: A longitudinal evaluation 

of drug-resistant tuberculosis treatment 

Research objectives To describe the service delivery practices of a 

community-based OMP for DRTB using 

conventional and EHF audiometry facilitated by 

CHWs and PHC audiologists, in terms of: 

The timing and frequency of ototoxicity 

monitoring assessments 

The follow-up rates of the programme 

The ototoxicity monitoring assessment methods 

used 

The OMP data management procedures 

Comparison of data collected by CHWs and by 

PHC audiologists 

Comparison of the OMP service delivery 

practices with international and national 

recommended guidelines for ototoxicity 

monitoring and the OMP protocol 

 

To describe the longitudinal DRTB treatment 

effects on the hearing of patients enrolled in a 

community-based OMP using conventional 

audiometry. The service delivery practices of the 

OMP facilitated by CHWs and PHC audiologists 

are described in terms of: 

The frequency, timing and follow-up rates of 

ototoxicity monitoring assessments, with 

comparisons between CHWs and PHC 

audiologists 

To describe the ototoxicity observed in this 

population according to: 

The prevalence of pre-existing hearing loss 

before the initiation of DRTB treatment 

Hearing threshold and pure tone average (PTA) 

deterioration, and the prevalence of ototoxic 

shifts in hearing following DRTB treatment 

The severity of ototoxic hearing loss following 

DRTB treatment 

The predictors of ototoxic hearing loss for DRTB 

treatment 

To describe the longitudinal monitoring of 

ototoxicity in DRTB patients receiving 

aminoglycoside treatment with EHF audiometry, 

in terms of: 

The prevalence of pre-existing hearing loss 

before the initiation of DRTB treatment with 

comparison between conventional and EHF 

audiometry 

The ototoxicity observed, including hearing 

threshold and PTA deterioration and the 

prevalence of ototoxic shifts in hearing following 

DRTB treatment with comparison between 

conventional and EHF audiometry 

The occurrence of absent EHF hearing 

thresholds owing to maximum audiometer 

output limits 

Journal International Journal of Environmental Research 

and Public Health 

South African Journal of Communication 

Disorders 

American Journal of Audiology 

Publication status Published Published In review 

Thesis chapter 3 4 5 
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2.1.2 Research design 

Studies I, II and III involved a retrospective record review using a longitudinal, non-

experimental, comparative, descriptive research design and quantitative data (Brink et 

al., 2018; Kumar, 2019; Leedy & Ormrod, 2020; Manchaiah et al., 2022). The 

researcher collected data without introducing changes to the setting or variables so 

that phenomena could be observed in order to explore and explain relationships 

between variables (Brink et al., 2018). Data were collected from the same sample of 

patients, at different points in time and in this way comparisons of changes over time 

could be made (Brink et al., 2018; Manchaiah et al., 2022). A descriptive design was 

used to gather information from a representative sample of the population, with the 

emphasis of data collection on structured observation to describe a phenomenon 

(Brink et al., 2018). Variables were compared to describe differences between two or 

more groups to determine if and how they differed (Brink et al., 2018). 

With the aim of gathering information to guide future OMP implementations, Study I 

described the service delivery practices of a decentralised community-based OMP 

according to the research objectives listed in Table 2.1. Comparisons were made 

between patients assessed by CHWs and those assessed by PHC audiologists, and 

the study findings were compared to and evaluated against the OMP protocol and the 

international and national guideline recommendations for ototoxicity monitoring.  

Study II described the service delivery practices of an OMP facilitated by CHWs, and 

the ototoxicity observed in DRTB patients over time when conventional audiometry 

was used as the assessment method, according to the research objectives indicated 

in Table 2.1. Comparisons were made between patients assessed by CHWs and by 

PHC audiologists and between hearing thresholds and PTAs at the time of the initial 

and the exit assessments. In addition, a correlational research design was used to 

identify and describe existing relationships between variables to determine the 

relationship between the independent and dependent variables (Brink et al., 2018) and 

to determine the predictors of hearing loss.  

Study III described the longitudinal monitoring of ototoxicity with EHF audiometry in 

patients receiving aminoglycoside treatment for DRTB to determine the value of EHF 
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audiometry in detecting early changes in hearing. In order to describe the ototoxicity 

observed in DRTB patients following treatment, comparisons were made between 

hearing thresholds and PTAs at the time of the initial and the exit assessments, and 

between the ototoxicity observed when conventional and EHF ranges were 

considered.  

2.2 Research context 

All three studies were conducted in the City of Cape Town and involved a retrospective 

record review using data collected at 19 PHC clinics and community health centres 

where a community-based OMP utilising conventional and EHF audiometry has been 

in existence since between May and July 2013. All the studies used data collected at 

decentralised community-based clinics in two sub-districts of the City of Cape Town, 

namely the Mitchells Plain/Klipfontein and the Western/Southern sub-districts. In 2012, 

the Western Cape Department of Health, in collaboration with the University of Cape 

Town, initiated a pilot project in which 30 CHWs underwent a yearlong certificate 

training programme to become members of the PHC team (Clark, 2015; Gamiet & 

Rowe, 2019). The CHW were provided with skills and knowledge in community-based 

rehabilitation to support people with disabilities in two underserved communities in the 

Western Cape (Gamiet & Rowe, 2019). To facilitate ototoxicity monitoring for DRTB in 

a community-based setting, six CHWs received additional training from the PHC 

audiologist responsible for the Mitchells Plain/Klipfontein sub-district. The six CHWs 

were also trained to conduct home-based hearing screening and hearing screening of 

school aged children and patients attending a PHC clinic. The Mitchells 

Plain/Klipfontein and the Western/Southern sub-districts were selected for inclusion in 

this study because both the upskilled CHW and the PHC audiologists were the testers 

in these areas. The City of Cape Town district is administered by both local and 

provincial authorities, where PHC clinics are managed mostly by the City of Cape 

Town, and community health centres by the provincial government, the Western Cape 

Department of Health. 
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2.3 Ethical considerations 

Studies I to III were conducted according to the guidelines of the Declaration of Helsinki 

and were approved by the Institutional Review Board (or Ethics Committee) of the 

University of Pretoria (GW20161128HS; 63/2017), the City of Cape Town (7788) and 

the Western Cape Department of Health (WC_2017RP22_896) (Appendices A to E). 

Owing to the retrospective nature of this study, consent to access the existing data 

collection forms on behalf of patients was granted by the Western Cape Department 

of Health and the City of Cape Town Health Department. Data collection forms 

contained patients’ audiological data and medical history, including HIV status, DRTB 

medication/s, comorbidities and adverse audiological effects. Medical history 

information was obtained from patients’ medical records in a clinic file and/or verbally 

reported to the CHWs and PHC audiologists during the patient interview and then 

recorded on data collection forms.  The research project was initiated and conducted 

within the framework of the ethical principles set out in “Ethics in Health Research: 

Principles, Processes and Structures – 2015” (DOH, 2015), which was developed in 

accordance with a mandate by section 72 of the National Health Act 61 of 2003 

(Republic of South Africa, 2004). This document contains the national policy and 

guidelines for conducting health research responsibly and ethically, specific to the 

South African context. The core ethical principles and human rights related to health 

research are listed and their application to the studies is discussed in Table 2.2.  

 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



Chapter 2 

 

 

16 

Table 2.2 Ethical principles and human rights applied to the research design, patient selection, recruitment procedures, data collection and analysis procedures 
for Studies I to III (Brink et al., 2018; DOH, 2015) 

Ethical Principle Definition Application to Studies I to III 

Beneficence and non-maleficence 
The researcher needs to secure the patients’ well-

being. The risks imposed by the research must be 

reasonable considering the anticipated benefits and 

the research should seek to improve the human 

condition. 

 

• There were no medical risks associated with the procedures of 

these studies and no physical harm came to patients. 

• As the data were collected retrospectively, patients and health care 

workers were not unduly inconvenienced.  

• The findings of the research project were intended to increase 

knowledge of the health care practices for ototoxicity monitoring for 

DRTB patients. The research project intended to benefit health 

care delivery to the public by suggesting improvements for 

ototoxicity monitoring practices for patients receiving ototoxic 

medication. 

Distributive justice (equality) 
Recruitment, selection, inclusion and exclusion of 

patients must be based on sound scientific and 

ethical principles. No patient should be unfairly 

excluded or targeted for the research. 

• All patients with DRTB enrolled in the OMP between 2013 and 

2017 were included in the research project and were selected for 

reasons directly related to the project. 

• The aim of the research project was that patients with DRTB 

administered ototoxic medication would benefit from the findings, if 

not immediately then in the future. No segment of the population 

was denied the knowledge derived from this research as the 

findings were published on a public platform and made known to all 

the key role players involved in the research. 

Dignity and autonomy 
Patients must be treated with respect, be allowed to 

exercise self-determination, and be allowed to 

deliberate and act on a decision (autonomy). The 

researcher must respect the participants’ right to 

• No data collection commenced prior to approval from the Research 

Ethics Committee of the Faculty of Humanities of the University of 

Pretoria, the Western Cape Department of Health and the City of 

Cape Town (CoCT).  
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privacy, anonymity, confidentiality, well-being and 

dignity. The welfare and safety of the researcher 

must be considered, including authorship and 

intellectual property interests. 

• The researcher (the PhD candidate) and contributors (the PhD 

supervisor, co-supervisor and statistician) took measures to ensure 

the privacy and confidentiality of the patients throughout the 

research process and when disseminating the findings. All patients 

were given an individual number code which appeared on all data 

collected and stored and no other identifiable information was 

noted. The master copy of patient names and the allocated codes 

was available to the researcher and contributors only and was 

stored in password protected software. Data from the project could 

not be linked to individual patients and no unauthorised persons 

could gain access to the data.  

• There were no medical risks associated with the procedures of this 

project and no physical harm came to the patients. There was no 

financial gain for the patients, researcher or contributors.  

• Findings were reported in the public sphere in an open and timely 

fashion, allowing for public and peer review.   

• The contributors to the project were duly noted as co-authors.  

• Respect was shown for the organisational culture and reputation, 

and the dignity, well-being and safety of the patients, researcher 

and contributors was the main concern of the researcher. 

Relevance and value 
The research project will contain the expected 

contribution of knowledge and of how the findings 

may be translated into interventions, services and 

processes that will improve access to, and the 

quality of hearing health care. 

• The aim of the findings was to determine the successes and pitfalls 

of a decentralised, community-based OMP facilitated by CHWs to 

improve service delivery and act as a guide for widespread 

implementation. 

• The treatment effects of DRTB on hearing thresholds using 

conventional and EHF audiometry were reported on to obtain 
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epidemiological statistical data to gain further insight into 

aminoglycoside-induced ototoxicity. 

• The value of EHF audiometry in detecting early changes in hearing 

was reported on. 

• The findings of the research project were translated into 

suggestions to improve ototoxicity monitoring services. 

Scientific integrity 
Research design and methodology are vital to 

research integrity and are likely to result in reliable 

and valid data outcomes that address the research 

objectives. Thus, the research design must be 

sound, and the researcher must be competent to 

conduct the research. 

• Ethical clearance for the research design and methodology was 

obtained from the Faculty of Humanities of the University of 

Pretoria, the Western Cape Department of Health and the CoCT 

prior to the commencement of this research project.  

• The researchers’ competence is evidenced by previous academic 

education and qualifications, HPCSA certification, work experience 

and publications. Mandatory continuous professional development 

includes training in ethics. The researcher was accurate and honest 

when conducting and reporting the research, and resources were 

managed in an effective, efficient and economical manner. 

• The researcher disseminated the findings to the scientific 

community as well as the key role players in a timely, accessible, 

responsible and competent manner.  

• The interests of the researcher and contributors were considered, 

including welfare and safety interests, authorship and intellectual 

property interests, and collegial and professional interests. 

Role player engagement 
Researchers will engage the key role players 

throughout the process of planning and conducting 

the research to improve the quality of the research, 

to increase acceptability of the key role players and 

to harness expertise. 

• PHC audiologists and managers engaged in the OMP were active 

partners in the planning and execution of the research project and 

were kept abreast of the research process.  

• The researcher disseminated the findings to the key role players in 

a timely, accessible, responsible and competent manner. 
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2.4 Research participants 

All patients with DRTB who were enrolled in the OMP between May 2013 and 

September 2017 were included as participants in Studies I to III. The research sample 

for these studies was representative of the population from which it was selected, as it 

included a large number of patients of various ages and both genders, from 19 PHC 

clinics and community health centres in several locations across the City of Cape Town 

(Brink et al., 2018). Male and female patients with normal hearing or any degree of 

hearing loss at the time of the initial assessment were included in Studies I to III. It was 

estimated that there would be 500 patients with DRTB accessing the OMP services. 

The sampling method used to select the patients for each of the three studies is 

described below: 

• Study I: Non-probability quota sampling (Brink et al., 2018; Leedy & Ormrod, 

2020) was used to select all patients with DRTB enrolled in the OMP from date 

of programme inception to date of data collection commencement (2013 to 2017) 

for inclusion in this study. 

• Study II: Using non-probability purposive sampling (Brink et al., 2018; Leedy & 

Ormrod, 2020), all patients with DRTB enrolled in the OMP from date of 

programme inception to date of data collection commencement (2013 to 2017) 

and meeting certain selection criteria were considered for inclusion in this study. 

Study II included patients from Study I who met the following selection criteria: 

patients who received kanamycin; patients whose hearing was assessed using 

conventional audiometry (0.25–8 kHz); patients who had an initial assessment 

conducted before, on the same day, or within two weeks of initiation of 

medication; patients who had one or more follow-up monitoring assessments 

conducted after the initial assessment.  

• Study III: Using non-probability purposive sampling (Brink et al., 2018; Leedy & 

Ormrod, 2020) all patients with DRTB enrolled in the OMP from date of 

programme inception to date of data collection commencement (2013 to 2017) 

and meeting certain selection criteria were considered for inclusion in this study. 

Study III included patients from Study I who met the following selection criteria: 
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patients whose hearing was assessed using conventional (0.25–8 kHz) and EHF 

(9–16 kHz) audiometry; patients who had one or more follow-up monitoring 

assessments conducted after the initial assessment; and conventional (0.25–8 

kHz) and EHF (9–16 kHz) audiometry was used for both the initial and exit 

assessments. 

2.5 Research equipment 

The following equipment was used for the purpose of conducting ototoxicity monitoring 

assessments for Studies I to III of the research project: 

2.5.1 Otoscopy 

Otoscopy was conducted by CHWs and PHC audiologists using the Heine mini 3000 

otoscope with reusable speculae (Heine, Germany). This compact pocket otoscope 

with direct illumination was used to visually inspect the external ear canal and the 

tympanic membrane. 

2.5.2 Conventional and EHF audiometry  

The KUDUwave audiometer (eMoyo, Johannesburg, South Africa) was used by CHWs 

and PHC audiologists without a soundproof booth to obtain the hearing thresholds of 

DRTB patients attending serial ototoxicity monitoring assessments. The KUDUwave 

audiometer is a portable, computer-based (Dell laptop) clinical diagnostic audiometer 

with integrated supra-aural ear-cup and insert earphone headset for additional 

attenuation (Type II clinical audiometer in accordance with EN60645-1 and ANSI 

S3.6). An electronic patient-response button is connected to the headset software 

interface that controls the KUDUwave audiometer. The audiometer consists of 

automated (using Hughson and Westlake methodology ISO 8253-1, automatic 

standard ascending and shortened and standard bracketing) and manual programs 

able to conduct audiometry from 0.25–16 kHz. Four built-in SPL meters monitor 

environmental noise via the headset (Ambi-domeTM) to ensure compliant background 

noise levels during testing. Audiometers were calibrated in a laboratory at 23 degrees 

Celsius to the following standards: ANSI S3.6 1996, EN60645-, EN60645-2, SABS 
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0154-1 and SABS 0154-2. Otoscopic and audiometric results were recorded by CHWs 

and PHC audiologists on paper data collection forms (Appendix F) 

2.6 Data collection procedures: Studies I to III 

For Studies I to III, structured observation was used as the descriptive data collection 

technique (Brink et al., 2018). Structured observation entails specifying in advance the 

behaviours or events to be observed, as outlined in the research objectives of this 

research project, as well as preparing forms for record keeping (Brink et al., 2018). 

Retrospective data encompassing existing paper data collection forms for each patient 

enrolled in the OMP were collected by the researcher from the managing PHC 

audiologist in each sub-district for analysis, and returned upon completion of the 

studies. The paper data collection forms acted as the data collection instrument for this 

research project. Existing records offer a rich source of data, serving as an economical 

source of information while permitting the examination of trends over time and 

eliminating the need for patient co-operation (Brink et al., 2018). However, a 

retrospective record review may be open to many sources of errors, such as facts 

being omitted and erratic record-keeping, with some data not being available because 

of patient confidentiality (Brink et al., 2018).   

At the time of data collection (2013 to 2017), the official South African ototoxicity 

monitoring guidelines had not yet been published, thus OMP managers relied on 

adaptations of the international guidelines of the ASHA (1994) and the AAA (2009) 

when developing the OMP protocol. An unpublished draft of the Health Professions 

Council of South Africa’s (HPCSA) ototoxicity monitoring guidelines (HPCSA, 2018) 

was, however, available to the OMP developers to assist them in applying the 

international guidelines to the South African context.  

Patient interviews and ototoxicity monitoring assessments were conducted by six 

CHWs and two PHC audiologists who acted as the data collectors for the research 

project, at 19 PHC clinics and community health centres in the two sub-districts in 

which the OMP was active. Patients visited a PHC clinic or community health centre 

daily for the first six months of DRTB treatment to receive their medication from a 

nurse. After the initial six-month treatment period, medication was continued for 18 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



Chapter 2 

 

 

22 

months with patients visiting a clinic weekly to obtain their medication, and monthly to 

consult with the managing doctor. CHWs and PHC audiologists travelled to the clinics 

situated in each sub-district with portable audiological equipment (KUDUwave 

audiometer and otoscope). The clinic provided a quiet room in which patient interviews 

and audiological assessments took place. All patients receiving ototoxic medication for 

treatment of DRTB were identified and referred by their managing doctor and included 

in the OMP as part of the package of care. The protocol followed by the OMP at the 

time of data collection was as follows: 

2.6.1 Patient interviews and otoscopy 

At the time of a patient’s initial assessment, identifying information including the 

patient’s name, date of birth, gender and medical history pertaining to HIV status, 

DRTB medication/s, comorbidities and adverse audiological effects were recorded 

manually on a data collection form by CHWs and PHC audiologists. This information 

was obtained from the patient’s medical records in a clinic file and/or verbally reported 

to the CHWs and PHC audiologists during the patient interview. A bilateral otoscopic 

examination was conducted as part of the initial assessment and each monitoring 

assessment, and the findings were recorded on the data collection form. If pathology 

was suspected, the patient was referred to the managing doctor or nurse for 

appropriate treatment in addition to audiometry, as per the OMP protocol.  

2.6.2 Conventional and EHF audiometry and the determination of 

ototoxicity 

Initial and ototoxicity monitoring assessments included bilateral conventional 

audiometry (0.25–8 kHz) or conventional audiometry and EHF audiometry (9–16 kHz) 

using the KUDUwave audiometer. The patient was seated in a safe and comfortable 

manner which promoted validity of testing by avoiding visual cues, but maintaining 

easy observation of patient responses to stimuli (ASHA, 2005). Prior to the start of the 

audiometric assessment, patients were given instructions in their own language as far 

as possible. Additional instructions may have been provided to enhance 

understanding, such as gestures, and demonstrations indicating that patients should 

press the response button every time a tone was heard. The combined supra-aural 
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ear-cup and insert earphone headset were placed over the patient’s ears; with insert 

earphones comfortably deep in the ear canal in accordance with the manufacturer’s 

recommendations, and the supra-aural ear-cups directly over the entrance of the ear 

canal (ASHA, 2005). The equipment required to conduct both conventional and EHF 

audiometry became available in November 2015 at the Southern/Western sub-district 

and in July 2016 at the Mitchell’s Plain/Klipfontein sub-district; prior to this, only 

conventional audiometry was available for ototoxicity monitoring. Typically, an 

automatic mode of threshold determination would have been used, however, manual 

testing may have been selected by PHC audiologists in some instances.  

Pure tone or warble tones were used. The better ear, when known, was tested first. 

The initial test frequency would typically have been 1 kHz, followed by 2, 3, 4, 6 and 8 

kHz for conventional audiometry and 9, 11.2, 12.5, 14 and 16 kHz included for EHF 

audiometry, followed by a retest of 1 kHz before testing 0.5 and 0.25 kHz for 

conventional and EHF audiometry. A hearing threshold was recorded if the patient’s 

response was judged to be clinically reliable for at least two responses out of three 

presentations at the single softest intensity at each frequency in each ear (ASHA, 

2005). Manual or automatic air conduction masking was applied if the difference in the 

air conduction thresholds of the test and non-test ear was 40 dB HL or more (ASHA, 

2005; HPCSA, 2018). Initial assessments were conducted at the clinics within two 

weeks of DRTB treatment initiation, while monitoring audiograms were conducted once 

a month during the initial six-month treatment regimen. Monitoring audiograms were 

then conducted at three, six and 18 months post the initial six-month treatment period. 

The presence of an ototoxic shift was determined using the criteria developed by ASHA 

(1994), where a change in hearing thresholds was determined relative to the hearing 

thresholds obtained during the initial assessment. The criteria to indicate hearing 

decrease for ototoxicity monitoring were defined as: ≥ 20 dB HL pure tone threshold 

decrease at any one test frequency; ≥ 10 dB HL pure tone threshold decrease at any 

two adjacent test frequencies; no response at three consecutive test frequencies 

where pure tone threshold responses were previously obtained. Changes were 

confirmed by repeat testing. 
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When an ototoxic shift meeting the predetermined criteria (ASHA, 1994) was evident, 

the managing doctor was informed immediately. Monitoring audiograms were then 

conducted every two weeks until no change in hearing thresholds was observed. 

Monitoring audiograms were conducted at three, six and 18 months post the initial six-

month treatment course. A nurse managing the ototoxicity monitoring appointment 

dates contacted patients either telephonically or at the patients’ home if they did not 

return for scheduled ototoxicity monitoring assessments. Patients’ descriptive and 

audiological data were recorded on a paper data collection form which was then stored 

in the patient’s clinic file, with the CHW or the PHC audiologist and the managing PHC 

audiologist responsible for each sub-district. This would thus conclude the data 

management protocol.  

2.6.3 Data collection forms 

Each patient’s descriptive and audiological data were recorded manually by the CHWs 

and PHC audiologists on paper data collection forms and stored in the patient’s clinic 

file. A copy of each patient’s data collection form was kept with the CHWs and PHC 

audiologists and regularly made available to the managing PHC audiologist 

responsible for each sub-district for review. Upon completion of a patient’s DRTB 

treatment and ototoxicity monitoring, the form was stored permanently with the PHC 

audiologist responsible for each sub-district. The paper data collection forms for each 

patient enrolled in the OMP were collected by the researcher from the managing PHC 

audiologist in each sub-district for analysis and returned upon completion of the 

studies. 

2.7 Data processing and analysis procedures 

The research project was divided into three separate studies, each with their own data 

processing and analysis procedures. For Studies I to III anonymised quantitative data 

from paper data collection forms were processed and manually recorded by the 

researcher into Excel spreadsheets to organise the data. Data were then imported from 

Excel into Statistical Package for Social Sciences (SPSS, IBM Corp. Armonk, NY, 

USA) software (version 27) by a qualified statistician who assisted with statistical 

analysis. Data cleaning was performed where data, such as dates, which had been 
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captured incorrectly by the data collectors (the CHWs and PHC audiologists) and/or 

the researcher were corrected so that they were uniform in format. In cases where data 

were accidentally not captured by the researcher, the data collection forms were re-

examined to supplement any missing data.  

Descriptive statistics were used to present, summarise and interpret the data so that 

they were meaningful (Brink et al., 2018). Descriptive statistics used in Studies I to III 

included the following: frequency distributions indicating the number of times a result 

occurred; weighted arithmetic mean; measures of central tendency indicating the most 

typical or average result in a distribution; measures of variability indicating the amount 

of dispersion in the dataset; and measures of relationships indicating the correlation 

between variables (Brink et al., 2018; Leedy & Ormrod, 2020). To describe the patient 

sample, frequencies and cross-tabulations were compiled to visually display nominal 

data and the relationships between data. 

Inferential statistics were used in Studies I to III to make inferences about the study 

population from a smaller sample, and assisted the researcher in determining whether 

a difference between two groups was genuine or by chance (Brink et al., 2018). P-

values, indicating the probability that the outcome was due to chance, were used to 

communicate the significance, or non-significance of differences (Brink et al., 2018). 

The inferential statistical parametric procedures used for Studies I to III included the 

following: the two proportions z-test, regression models and the Nagelkerke R2 test. In 

Studies II and III, the data differed significantly from normality (Shapiro-Wilk p-values 

<0.05) and therefore, nonparametric statistical procedures, where no assumptions 

were made regarding the normal distribution of the targeted population, were used 

(Brink et al., 2018; Field, 2018). The nonparametric statistical procedures used were 

the Mann-Whitney U and the Wilcoxon signed-rank (W) tests. For inferential statistics, 

a 5% level of significance was used throughout the research project. 

2.7.1 Study I: Community-based ototoxicity monitoring for drug-

resistant tuberculosis in South Africa: An evaluation study 

Descriptive statistics were used to determine the following:  

• The number of patients included in the OMP.  
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• The number of patients assessed by CHWs and PHC audiologists and the 

number of patients assessed using conventional and EHF audiometry. 

• Patient variables, including age, gender, treatment regimen, treatment duration, 

risk factors for ototoxicity, audiological symptoms and the presence of wax 

impaction. 

• Mean and standard deviation for patient age, treatment duration, the timing of the 

initial ototoxicity monitoring assessments in relation to treatment initiation, the 

number of monitoring assessments attended by patients and days elapsing 

between assessments.  

• The timing and frequency of ototoxicity monitoring assessments attended by 

patients including follow-up rates, number of assessments attended by patients 

and days elapsing between assessments. 

The following inferential statistical procedures were applied: 

• The two proportions z-test was used to determine whether two proportions of two 

groups (patients who were assigned a follow-up return date and those who were 

not) differed significantly on one characteristic, the follow-up return rate. 

• A multivariate logistic regression model is an equation where two or more 

independent variables are used to predict the dependent variable. A multivariate 

logistic regression model was built to determine the effect of gender, age, HIV 

status and treatment duration on whether patients would follow-up after the initial 

assessment or not, a dichotomous dependent variable (Leedy & Ormrod, 2020). 

• The Nagelkerke R2 was used to determine the percentage of variation of the 

dependent variable which was explained by the predictors (age, gender, 

treatment duration and HIV status). 

2.7.2 Study II: A longitudinal community-based ototoxicity 

monitoring programme and treatment effects for drug-

resistant tuberculosis treatment, Western Cape 

Descriptive statistics were used to determine the following:  
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• The number of patients who met the participant selection criteria for inclusion in 

the study. 

• The number of patients assessed by CHWs and PHC audiologists. 

• Patient variables, including age, gender, treatment regimen, treatment duration, 

risk factors for ototoxicity and audiological symptoms. 

• Mean and standard deviation for patient age, treatment duration, the timing of the 

initial ototoxicity monitoring assessments in relation to treatment initiation, the 

number of monitoring assessments attended by patients and days elapsing 

between assessments.  

• The timing and frequency of ototoxicity monitoring assessments attended by 

patients including follow-up rates, number of assessments attended by patients 

and days elapsing between assessments. 

• The number of patients presenting with a pre-existing hearing loss (ASHA, 2021, 

2022; Stach & Ramachandran, 2017).  

• The number of patients presenting with hearing loss meeting any category of 

hearing loss severity (Olusanya et al., 2019; WHO, 2021b) and the number of 

patients presenting with an ototoxic shift meeting one or more of the ASHA criteria 

(ASHA, 1994). 

The following inferential statistical procedures were applied: 

• The Wilcoxon signed-rank (W) test, an alternative to the dependent form of the t-

test, is used to compare the medians of two correlated variables when the data 

are ordinal rather than interval in nature (Leedy & Ormrod, 2020). This test was 

used to compare significant differences between dependent groups (hearing 

thresholds and PTAs at the time of the initial and exit assessments). 

• The Wilcoxon signed-rank (W) test was also used to determine whether there 

were significant differences in hearing threshold and PTA deteriorations and the 

presence of ototoxic shift meeting the ASHA (1994) criteria between the left and 

right ears. 

• The Mann-Whitney U test, an alternative to the independent form of the t-test, is 

used to compare the median of two groups when the data are ordinal rather than 

interval in nature (Leedy & Ormrod, 2020). This test was used to determine 
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whether there was a difference in the variables (timing of initial assessments and 

the number of monitoring assessments attended by patients) for independent 

groups (patients assessed by CHWs and patients assessed by PHC 

audiologists). 

• Regression models examine how accurately one or more variables enable 

prediction regarding the values of another dependent variable (Leedy & Ormrod, 

2020). In order to determine significant predictors for hearing deterioration, 

quantile regression models, robust to outliers and not requiring the assumptions 

of normally distributed error terms, were used. 

2.7.3 Study III: Extended high frequency audiometry for ototoxicity 

monitoring: A longitudinal evaluation of drug-resistant 

tuberculosis treatment 

Descriptive statistics were used to determine the following:  

• The number of patients who met the participant selection criteria for inclusion in 

the study. 

• Patient variables, including age, gender, treatment regimen, treatment duration, 

risk factors for ototoxicity, the number of patients assessed by CHWs and PHC 

audiologists and audiological symptoms. 

• Mean and standard deviation for patient age, treatment duration, the timing of the 

initial ototoxicity monitoring assessments in relation to treatment initiation and the 

time between initial and exit assessments. 

• The number of absent hearing thresholds for pure tone audiometry owing to 

maximum audiometer output limits across frequencies. 

• The number of patients presenting with a hearing loss at the time of the initial and 

exit assessments (ASHA, 2021; Stach & Ramachandran, 2017).  

• The number of patients presenting with an ototoxic shift meeting one or more of 

the ASHA criteria (ASHA, 1994). 
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The following inferential statistical procedures were applied: 

• The Wilcoxon signed-rank (W) test was used to compare significant differences 

between dependent groups (hearing thresholds and PTAs at the time of the initial 

and exit assessments). 

• The Wilcoxon signed-rank (W) test was also used to determine if there were 

significant differences in hearing threshold and PTA deteriorations and the 

presence of ototoxic shift meeting the ASHA (1994) criteria between the left and 

right ears. 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



 

30 

CHAPTER 3: COMMUNITY-BASED OTOTOXICITY 

MONITORING FOR DRUG-RESISTANT TUBERCULOSIS 

IN SOUTH AFRICA: AN EVALUATION STUDY 

 

Authors: Stevenson, L. J.; Biagio-de Jager, L.; Graham, M. A.; Swanepoel, D. 

Journal: International Journal of Environmental Research and Public Health 

Accepted: 24 October 2021 (Appendix G) 

Publication: 2021, 18(21), 11342  

Note: This chapter was referenced and edited according to the style of this document 

and may differ from the style of the published study. 

3.1 Abstract 

In response to the drug-resistant tuberculosis (DRTB) ototoxicity burden in South 

Africa, ototoxicity monitoring has been decentralised, with community health workers 

(CHWs) acting as facilitators. This study describes a community-based ototoxicity 

monitoring programme (OMP) for patients with DRTB. Findings are compared to the 

recommended guidelines for ototoxicity monitoring, the OMP protocol and published 

studies. This was a retrospective study of longitudinal ototoxicity monitoring of 831 

patients with DRTB, using data collected at community-based clinics in the City of 

Cape Town between 2013 and 2017. Approximately half (46.8%) of the patients had 

an initial assessment conducted in accordance with the OMP protocol 

recommendations, and follow-up rates (79.5%) were higher than those of a similar 

DRTB programme. However, patients in this study were not monitored within the 

timeframes or with the regularity recommended by the guidelines or the OMP protocol. 

Extended high-frequency pure-tone audiometry (27.5%) was underutilised by testers 

and data recording was inconsistent (e.g. 37.7% of patient gender was not recorded 

by testers). Community-based OMP using CHWs to facilitate monitoring showed 

improvement over previous hospital-based reports, with more accessible services and 
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higher follow-up rates. However, to improve OMP outcomes, OMP managers should 

reassess current protocols and data recording practices.  

Keywords: community-based services; community health workers; decentralised 

services; drug-resistant tuberculosis; tuberculosis; hearing loss; ototoxicity monitoring; 

audiometry; South Africa 

3.2 Introduction 

An estimated 10 million people globally fell ill with tuberculosis (TB) in 2019 and South 

Africa has been identified as one of the eight countries that make up two-thirds of these 

cases (World Health Organisation [WHO], 2020a). With an estimated 615 people per 

100,000 presenting with TB, compared to the global estimate of 130 cases per 100,000 

(WHO, 2020a), South Africa is recognised as one of 30 countries with a high burden 

of TB (WHO, 2020a). Despite advances in the effective diagnosis and treatment of TB, 

it is the leading cause of death in the country (WHO, 2015). South Africa is furthermore 

afflicted by a high incidence of TB/human immunodeficiency virus (HIV) coinfection, 

with more than half (58%) of new and relapsed patients with TB being reported as HIV 

positive in 2019 (WHO, 2019; WHO, 2020a). 

Tuberculosis that is resistant to first-line anti-TB drugs is known as drug-resistant TB 

(DRTB), the main types of which are multi-drug-resistant TB (MDRTB), extensive drug-

resistant TB (XDRTB) and Rifampicin-resistant TB (RRTB) (Centers for Disease 

Control and Prevention (CDC), 2012; Western Cape Government Health, 2018). In 

2019, half a million people globally developed MDRTB/RRTB, with an estimated 

14,000 cases in South Africa (WHO, 2020a). The emergence of drug-resistant strains 

has complicated TB control; never before have more people globally been affected by 

MDRTB (Lange, Aarnoutse, et al., 2019), with numbers set to rise in high-burden 

countries in the coming decades (Lange, Dheda, et al., 2019; Sharma et al., 2017). 

Treatment of DRTB is complex and challenging for the patient, health care providers 

and for the health system (Lange, Aarnoutse, et al., 2019). Historically, patients with 

DRTB have required prolonged treatment, lasting two years or more (Lange, Dheda, 

et al., 2019), with the use of toxic second-line aminoglycosides, including Kanamycin 
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(Bardien et al., 2009; Department Health Republic of South Africa [DOH],2013). 

Aminoglycosides are often used in developing countries for the treatment of DRTB 

because they have advantages over other classes of antibiotics and are inexpensive 

to produce (Meiyan et al., 2017; Xie et al., 2011). Aminoglycosides are known to be 

toxic to both the vestibular and cochlear structures of the ear and to divisions of the 

eighth cranial nerve and the connections within the central nervous system (de Jager 

& van Altena, 2002; Rogers & Petersen, 2011). The effects of cochleotoxicity result in 

permanent hearing loss (Duggal & Sarkar, 2007; Huth et al., 2011) and/or tinnitus 

caused by the death of cochlear outer hair cells (Bardien et al., 2009; de Jager & van 

Altena, 2002; Schacht et al., 2012). Encouragingly, injectable-free, non-

aminoglycoside treatment regimens comprising shorter treatment durations with novel 

and repurposed drugs such as Bedaquiline, are being routinely phased in in South 

Africa for patients meeting specific eligibility criteria (2018; WHO, 2020b). However, 

more than half the high-burden TB countries surveyed in 2020 were still using toxic 

injectable medicines, with 46% of countries reporting the use of Kanamycin and/or 

Capreomycin in the treatment of DRTB, counter to the most recent World Health 

Organisation (WHO, Geneva, Switzerland) recommendations (Medicins Sans 

Frontieres [MSF], 2020). As a result, a significant portion of the TB population may still 

be affected by aminoglycoside-induced hearing loss (Huth et al., 2011). 

Ototoxic hearing loss has a negative impact on an individual’s social participation, 

emotional and behavioural well-being, quality of life, activities of daily living and 

employment status (Bardien et al., 2009; Rogers & Petersen, 2011). As a result, the 

monitoring of hearing during DRTB treatment is recommended (American Academy of 

Audiology [AAA], 2009; American Speech-Language-Hearing Association [ASHA], 

1994; Health Professions Council of South Africa [HPCSA], 2018) to ensure that 

hearing loss is detected early and that appropriate medical and rehabilitative 

intervention is implemented to mitigate the potential loss and negative effects 

(Petersen & Rogers, 2015; Ramma, Heinze, et al., 2019). Through the implementation 

of an audiological ototoxicity monitoring programme (OMP), ototoxicity is determined 

by comparing pure tone hearing thresholds, ideally obtained prior to the initiation of 

treatment and known as a baseline assessment, to subsequent hearing threshold 

monitoring measurements (Duggal & Sarkar, 2007). Weekly to monthly (AAA, 2009; 
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ASHA, 1994; HPCSA, 2018) monitoring is recommended following the baseline 

evaluation. A change in hearing thresholds that meets predetermined criteria for the 

presence of an ototoxic shift may offer medical personnel the opportunity to alter the 

treatment regimen (Lange, Aarnoutse, et al., 2019; Melchionda et al., 2013). 

Management strategies can be implemented as soon as a hearing loss is identified to 

eliminate its negative consequences and to ensure improved outcomes for patients 

(Lange, Aarnoutse, et al., 2019). Avoiding or minimising ototoxic hearing loss in 

patients with DRTB requires a combined approach of serial audiological monitoring 

and a tailored treatment regimen, which remains a significant challenge globally 

(Melchionda et al., 2013). 

The significant burden of DRTB in South Africa has necessitated careful consideration 

of appropriate strategies for effective ototoxicity monitoring. Strategies that have been 

implemented include, amongst others, the introduction of new drugs and treatment 

regimens, the decentralisation of TB and ototoxicity monitoring services, the inclusion 

of community health workers (CHWs) in the model of care and the supply of 

audiological ototoxicity monitoring equipment and training. A decentralised model of 

care has been included as part of national policy for DRTB management to 

complement the capacity of centralised TB hospitals, to increase access to care and 

to improve treatment outcomes for patients with DRTB (DOH, 2013; Ndjeka et al., 

2020; The South African National Aids Council, 2017). Decentralisation of services 

allows patients to access DRTB treatment on an outpatient basis at a facility nearest 

to them, such as a primary healthcare (PHC) or community health clinic, instead of at 

a centralised TB hospital. Outpatient units have been tasked with initiating and 

administering treatment, including offering audiological ototoxicity monitoring (DOH, 

2013), and monitoring any adverse side effects of the treatment. 

With advances in portable audiometric technology, hearing assessments can be 

conducted at PHC and community level with limited training and resources (WHO, 

2021). In response to the high incidence of ototoxic hearing loss in patients with DRTB, 

South Africa implemented a national ototoxicity prevention programme to improve 

access to audiological monitoring and to reduce ototoxic hearing loss (WHO, 2021). 

As part of this programme, training and portable automated audiometers were provided 
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to selected health facilities, including PHC and community health clinics. This has 

reduced the waiting time for patients wanting to be assessed and linked to rehabilitative 

audiological services (WHO, 2021). In order to address the shortage and poor 

distribution of healthcare workers in resource-constrained settings, the employment of 

CHWs has been proposed (WHO, 2018). The South African department of health has 

recognised the need to expand the PHC system by integrating 50,000 CHWs into the 

public health system between 2019 and 2024 to improve access to services (DOH, 

2020). CHW include a variety of community health aides who are trained and working 

in their own communities (WHO, 2007). CHWs engage in task-sharing that involves 

the appropriate reallocation of tasks to nonspecialists, such as hearing assessments 

that are traditionally performed by ear and hearing specialists (WHO, 2021). The use 

of CHWs, supported by innovative technologies has demonstrated improved access to 

ear and hearing care services (Duggal & Sarkar, 2007; O'Donovan et al., 2019; 

Swanepoel, 2020) and, together with a public health approach can offer a solution to 

the limited human resources available (WHO, 2021). 

Despite South African DRTB treatment guidelines recommending that all patients 

receiving treatment should undergo ototoxicity monitoring (DOH, 2013), historically a 

lack of OMPs has seen very few patients being monitored (Khoza-Shangase, 2010; 

Khoza-Shangase & Stirk, 2016). The development of OMPs in South Africa has been 

hindered by a number of obstacles including a lack of human and material resources 

necessary for ototoxicity monitoring (Harris et al., 2012; Khoza-Shangase, 2010), poor 

collaboration amongst healthcare professionals treating patients, and patient-related 

barriers such as a lack of awareness of treatment side effects and difficulties travelling 

to ototoxicity monitoring service locations (Khoza-Shangase & Masondo, 2021). Up 

until 2018, when the official South African guidelines for ototoxicity monitoring were 

introduced (HPCSA, 2018), international guidelines (AAA, 2009; ASHA, 1994) were 

modified by health care providers to suit the South African context, leading to 

considerable variation in their application (Govender & Paken, 2015). Recent reports 

indicate, however, that where OMPs do exist, the assessment and management 

practices of audiologists of patients on ototoxic medication do not align with guideline 

recommendations (Khoza-Shangase & Masondo, 2020) and that outpatient-based 

ototoxicity monitoring services are underused by patients (Ramma, Nhokwara, et al., 
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2019). The COVID-19 pandemic has exacerbated the challenges of treating TB and 

the monitoring of associated ototoxicity because of the extra burden on health care 

services, care seeking behaviour and the reallocation of human, financial and other 

resources from TB to COVID-19 care (WHO, 2020a). 

Monitoring the effectiveness of ototoxicity monitoring services and reporting on the 

practices of existing OMPs is essential to support evidenced-based health care 

(HPCSA, 2018) and to optimise and improve care (Khoza-Shangase & Stirk, 2016). 

This study aimed to describe the service delivery practices of a decentralised, 

community-based OMP for DRTB, including a comparison between CHWs and PHC 

audiologists facilitating the ototoxicity monitoring. The practices of this real-world 

community-based OMP were compared to the national and international guidelines for 

ototoxicity monitoring and to the OMP protocol to identify successes and pitfalls with 

the aim of improving services and guiding future OMP implementations. To our 

knowledge, this is the first study to report on ototoxicity monitoring for DRTB conducted 

by CHWs in a decentralised community-based model of care for increased patient 

access. 

3.3 Materials and Methods 

This was a longitudinal retrospective study of ototoxicity monitoring of patients with 

DRTB between 2013 and 2017. The study aimed to describe the practices of 

community-based OMP for patients with DRTB, focusing on the following aspects: the 

timing and frequency of ototoxicity monitoring assessments, the follow-up rates of the 

program, the ototoxicity monitoring assessment methods used and the OMP data 

management procedures. The findings of the OMP practices were compared to the 

most widely used recommended guidelines for ototoxicity monitoring and management 

(AAA, 2009; ASHA, 1994; HPCSA, 2018), to the OMP protocol and to other 

comparable published studies. Data collected by CHWs were compared to data 

collected by audiologists in PHC. 

  

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



Chapter 3 

 

 

36 

3.3.1 Participants 

This study used data collected at outpatient community-based clinics in two 

subdistricts of the City of Cape Town, namely the Mitchells Plain/Klipfontein and the 

Western/Southern subdistricts. In 2012, a pilot project to upgrade the skills of 30 

existing CHWs in the field of rehabilitation was implemented in the Western Cape in 

order to improve PHC and community-based rehabilitation for people with disabilities 

(Gamiet & Rowe, 2019). This new category of CHWs was trained to conduct ototoxicity 

monitoring, amongst other tasks, and is known as rehabilitation care workers. The 

Mitchells Plain/Klipfontein and the Western/Southern subdistricts were selected for 

inclusion in this study because both the upskilled CHW and PHC audiologists were the 

active testers in these areas. They used conventional pure-tone audiometry and/or 

extended high-frequency pure-tone audiometry for ototoxicity monitoring associated 

with DRTB. Nonprobability purposive sampling was used to select all patients with 

DRTB, regardless of age or gender, who were enrolled in the OMP between May 2013 

and September 2017. The patient interviews and ototoxicity monitoring assessments 

were conducted by testers at 19 PHC and community health clinics in the two 

subdistricts. 

3.3.2 Procedures 

The OMP protocol that was implemented at the time of data collection is outlined in 

Figure 3.1. All patients who received ototoxic medication for treatment of DRTB were 

identified and referred by their managing doctor and included in the OMP as part of the 

package of care. Patients visited a PHC or community health clinic daily for the first six 

months of treatment to receive their medication from a nurse. After the initial six-month 

treatment period, medication was continued for 18 months with patients visiting a clinic 

weekly to obtain their medication, and monthly to consult with their managing doctor. 

Testers travelled to the clinics in each subdistrict with portable audiological equipment. 

The KUDUwave audiometer (eMoyo, Johannesburg, South Africa) was used by testers 

in this study. It is a portable, PC (Dell laptop, Dell Inc., Round Rock, Texas, USA)-

controlled clinical diagnostic audiometer and integrated supra-aural ear cup and insert 

earphone headset and electronic response button for use without a soundproof booth. 
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Automated and manual programs conduct audiometry up to 16,000 Hz. Results are 

stored electronically and store-and-forward for printing. PHC audiologists and CHW 

were testers in the Michell’s Plain/Klipfontein subdistrict whereas only PHC 

audiologists were testers in the western/southern subdistrict. At the time of a patient’s 

initial assessment, identifying data including the patient’s name, date of birth, gender 

and medical history pertaining to HIV status, DRTB medication/s, comorbidities and 

adverse effects were recorded manually on a paper data collection form by the tester. 

This information was obtained from the patient’s medical records in a clinic file and/or 

verbally reported to the tester during the patient interview. A bilateral otoscopic 

examination was conducted and the findings recorded on the data collection form. If 

pathology was suspected, the patient was referred to the managing doctor or nurse for 

appropriate treatment, in addition to audiometry, as per the OMP protocol. 

At the time of data collection, the official South African ototoxicity monitoring guidelines 

had not yet been published, thus health care providers relied on adaptations of the 

international guidelines of the American Speech-Language-Hearing Association 

(ASHA, Rockville, MD, USA) (ASHA, 1994) and the American Academy of Audiology 

(AAA, Reston, VA, USA) (AAA, 2009) when developing the OMP procedure protocol. 

An unpublished draft of the Health Professions Council of South Africa’s (HPCSA) 

ototoxicity monitoring guidelines (HPCSA, 2018) was, however, available to the OMP 

developers to assist them in applying the international guidelines to the South African 

context. 

The protocol followed by the OMP at the time of data collection is outlined in Figure 

3.1. Initial assessments were conducted at the clinics within two weeks of the DRTB 

treatment initiation. Monitoring assessments were conducted once a month during the 

initial six-month treatment regimen and then at three, six and 18 months thereafter. 

The timing of the initial and monitoring assessments was determined by the OMP 

managers to best suit the community-based nature of the OMP where testers had to 

travel to numerous clinics on a rotational basis. Where an ototoxic shift meeting 

predetermined criteria (ASHA, 1994) was evident, the managing doctor was informed 

immediately and monitoring assessments were then conducted every two weeks until 

no change in hearing thresholds was detected. Assessments were conducted in a quiet 
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environment and included bilateral pure-tone audiometry (250–8 kHz), or pure-tone 

audiometry and extended high-frequency pure-tone audiometry (250–16 kHz) if 

available. The equipment required to conduct both pure-tone audiometry and extended 

high-frequency pure-tone audiometry became available in November 2015 at the 

southern/western subdistrict and in July 2016 at the Mitchell’s Plain/Klipfontein 

subdistrict; prior to this, only pure-tone audiometry was available for ototoxicity 

monitoring. Typically, manual testing would have been done; however, an automatic 

mode of threshold determination may also have been used in some instances. 
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Figure 3.1 The City of Cape Town ototoxicity monitoring programme (OMP) protocol. 

PTA, pure-tone audiometry; EHF, extended high-frequency pure-tone audiometry; OM, ototoxicity monitoring; PHC, 
primary healthcare; CHW, community health worker. 
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Each patient’s descriptive and audiological data were recorded manually by the testers 

on paper-based data collection forms and stored in the patient’s clinic file. A copy of 

each patient’s data collection form was kept with the tester and regularly made 

available to the managing PHC audiologist responsible for each subdistrict for review. 

Upon completion of a patient’s DRTB treatment and ototoxicity monitoring, the data 

collection form was stored permanently with the PHC audiologist responsible for each 

subdistrict. The researchers collected the hard copies of the patients’ data collection 

forms from the managing PHC audiologists in each subdistrict for analysis and these 

were returned upon completion of this study. 

3.3.3 Data analysis 

Data were imported from Excel into Statistical Package for Social Sciences (SPSS, 

IBM Corp. Armonk, NY, USA) software (version 27), after which descriptive statistics 

such as frequency distributions, weighted arithmetic mean, measures of central 

tendency, variability and relationships (correlations) were used to present and interpret 

the data in a meaningful way. Frequencies and cross-tabulations were compiled to 

describe the patient sample. The two proportions z-test was used to determine whether 

two proportions of two groups (patients who were assigned a follow up return date and 

those who were not) differed significantly on one characteristic, the follow up return 

rate. A multivariate logistic regression model was built, with the dependent variable 

being dichotomous (whether a patient would follow-up after the initial test or not). The 

Nagelkerke R2 was used to determine the percentage of variation of the dependent 

variable which was explained by the predictors (age, gender, treatment duration and 

HIV status). 

The OMP used paper-based data collection forms that were manually completed by 

the tester for each patient. However, the collection of data by testers describing the 

patients and their treatment regimens was sporadic. Where important data were 

missing, this was because it was not recorded on the data collection forms by the 

testers and was therefore unavailable to the researchers for inclusion in this 

retrospective study. Many of the patients (37.7%; n = 313) did not have their gender 

recorded on their data collection forms and for almost a fifth of patients (18.7%; n = 

155) no DRTB medication type and/or date indicating when their treatment was 
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initiated was recorded (27.6%; n = 229). Thus, treatment duration could only be 

determined for a minority of patients (14.2%; n = 118) for whom both treatment initiation 

and end dates had been recorded on their data collection forms. 

3.4 Results 

3.4.1 Participants 

A total of 831 DRTB patients who attended ototoxicity monitoring services between 

2013 and 2017 was included as patients in this study. The patients’ ages (798/831 (this 

format denotes n/group total)) ranged from 12.3 to 68 years with a mean of 36.1 years 

(standard deviation (SD) = 11.00). CHWs assessed 60.3% of patients (501/831), 

whereas the remaining 39.7% patients (330/831) were assessed by PHC audiologists. 

Of the 676 patients whose medication had been recorded, 99.4% (672/676) were 

administered Kanamycin. Only 2.2% of patients (15/676) had more than one 

medication recorded, therefore only the primary medication administered was used to 

determine the duration of treatment and to report on the timing of ototoxicity monitoring 

assessments in relation to treatment initiation. At the time of the initial assessment, 

29.1% of patients (242/831) reported having TB/HIV coinfection and 24.1% (200/831) 

had the use of antiretroviral medication recorded on their data collection forms (Table 

3.1). Where treatment initiation and end dates were recorded, treatment duration 

ranged from six to 596 days with a mean of 160.5 days (SD = 106.84). 
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Table 3.1 Patient description at the time of the initial assessment (n = 831). 

Variable % n/group total 

Gender 

Not recorded 37.7 313/831 

Male 57.3 297/518 

Female 42.7 221/518 

Treatment regimen 

Not recorded 18.7 155/831 

Kanamycin 99.4 672/676 

Capreomycin, Azithromycin or Amikacin 0.6 4/676 

More than one medication 2.2 15/676 

Treatment duration 

Treatment initiation date not recorded 27.6 229/831 

Treatment initiation date recorded 72.4 602/831 

Risk factor for ototoxicity 

Tuberculosis/Human immunodeficiency virus 
coinfection 

29.1 242/831 

Antiretroviral treatment 24.1 200/831 

Noise exposure 14.9 124/831 

Audiological symptoms 

Tinnitus 18.2 151/831 

Hearing loss 10.2 85/831 

Aural fullness 8.5 71/831 

Wax impaction 

Left ear 11.1 92/831 

Right ear 11.7 97/831 

Tester 

Primary healthcare audiologist 39.7 330/831 

Community health worker 60.3 501/831 
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3.4.2 Timing and frequency of ototoxicity assessments 

A total of 72.4% of the patients (602/831) had a treatment initiation date recorded by 

the tester on their data collection form (Table 3.1). Almost half (46.8%; 282/602) of the 

patients had had an initial assessment conducted prior to or within two weeks of 

treatment initiation, in accordance with the OMP protocol recommendation (Table 3.2); 

89.9% of patients (541/602) had an initial assessment conducted after starting their 

treatment and had been receiving their medication for more than two months (70.3 

days; SD = 131.50) before undergoing an initial assessment (Table 3.2). 

 

Table 3.2 Timing of initial assessment in relation to treatment initiation (n = 602). 

Timing of initial 

assessment 

Prior to treatment initiation Post treatment initiation 

≥4 weeks 

prior to 

treatment 

initiation 

Same day as 

treatment 

initiation 

1–3 days 

post 

treatment 

initiation 

4–14 days 

post 

treatment 

initiation 

2–4 weeks 

post 

treatment 

initiation 

≥4 weeks 

post 

treatment 

initiation 

Patients % (n) 4.5 (27) 5.6 (34) 9.0 (54) 27.7 (167) 18.6 (112) 34.6 (208) 

Days from 

treatment initiation 

and initial  

assessment 

Average (SD) 

163.6 

(166.41) 
0 (0) 70.3 (131.50) 

SD, standard deviation. 

 

Follow-up default rates ranged from 27.6 to 31.9% across consecutive monitoring 

assessments (Table 3.3). Follow-up rates improved from 53.7 to 79.5% from 2013 to 

2017 (Figure 3.2). On average, patients were assessed 3.1 (SD = 2.31) times but 

31.6% (263/831) attended an initial assessment only and just 8% (69/831) returned for 

the recommended (AAA, 2009; ASHA, 1994; HPCSA, 2018) six or more ototoxicity 

monitoring assessments (Figure 3.3). 
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Table 3.3 Follow-up rates and days elapsing between the first three monitoring assessments. 

Assessments Initial to 1st monitoring 

assessment 

1st to 2nd monitoring 

assessment 

2nd to 3rd monitoring 

assessment 

Follow-up rate % (n) 68.1 (566/831) 68.4 (387/566) 72.4 (280/387) 

Average number of days 

between assessments  

Average (SD) 

58.8 (79.03) 56.1 (81.23) 53.5 (62.55) 

 

 

Figure 3.2 Follow-up rates of the first monitoring assessment between years 2013–2017 (n = 831). 

 

Figure 3.3 Distribution of the number of monitoring assessments attended by patients (n = 831). 
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Multivariate logistic regression models showed that gender, age, HIV status, and the 

duration of administration of medication did not have a significant effect on follow-up 

rates (p > 0.05). Patients who were given a specific date (25.0%; 208/831) on which to 

return for an ototoxicity monitoring assessment did not have a significantly better 

follow-up return rate (two-proportions z-test; p = 0.052) either. Once extended high-

frequency pure-tone audiometry was introduced to the OMP in 2015, 27.5% of patients 

(117/425) making OMP visits had their hearing assessed using extended high-

frequency pure-tone audiometry as well as pure-tone audiometry.  

A comparison of patients assessed by CHWs and PHC audiologists is presented in 

Table 3.4. The timing and frequency of ototoxicity monitoring was similar for the two 

groups of testers. PHC audiologists were more likely to use both pure-tone audiometry 

and extended high-frequency pure-tone audiometry for the initial assessment of 

patients, however. The findings of this study were compared to the OMP protocol and 

national and international guideline recommendations, as reflected in Table 3.5. 

 

Table 3.4 Comparison of the audiometric protocol used, the timing and frequency of ototoxicity 
monitoring of patients assessed by CHWs and by PHC audiologists. 

Variable CHWs PHC audiologists 

Patients assessed % (n) 60.3 (501/831) 39.7 (330/831) 

Initial assessment conducted before, or 1–14 

days of treatment initiation % (n) 
45.6 (209/458) 50.7 (73/144) 

Audiometric protocol for initial assessments 

% (n) 

Years 2013–2017: 

PTA: 95.8 (480/501) 

Years 2015–2017: 

PTA and EHF: 8.3 (21/252) 

Years 2013–2017: 

PTA: 70.9 (234/330) 

Years 2015–2017: 

PTA and EHF: 55.5 (96/173) 

Follow-up rate for 1st monitoring assessment 

% (n) 
68.5 (343/501) 67.6 (223/330) 

Days between monitoring assessments 

Average (SD) 
56.6 (5.62) 60.7 (9.45) 

Average number of times a patient was 

assessed (SD) 
3.0 (2.20) 3.1 (2.46) 

Patients attending ≥6 monitoring 

assessments (%) 
7.6 9.3 

CHWs, community health workers; PHC, primary healthcare; PTA, pure-tone audiometry; EHF, extended high-
frequency pure-tone audiometry. 
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Table 3.5 Current findings compared to the OMP protocol and guideline recommendations (AAA, 2009; ASHA, 1994; HPCSA, 2018). 

OMP, ototoxicity monitoring programme; ASHA, American Speech-Language-Hearing Association; AAA, American Academy of Audiologists; HPCSA; Health Professions Council 
of South Africa; PTA, pure-tone audiometry; EHF, extended high-frequency pure-tone audiometry; SD, standard deviation. 

 

Principle 
OMP/guideline recommendation 

Current findings % (n) 
ASHA AAA HPCSA OMP 

Timing of initial 

assessment in relation to 

treatment initiation 

Before treatment initiation 

or within 3 days of initiation 

Before treatment initiation 

or within 3 days of 

initiation (Kanamycin) 

Before treatment initiation 

or within 3 days of 

initiation 

Before treatment initiation 

or 1–14 days after 

initiation 

Before or within 3 days of 

treatment initiation: 19.1 

(115/602) 

Before or 1–14 days after 

treatment initiation: 46.8 

(282/602) 

≥15 days after treatment  

initiation: 53.2 (320/602) 

Audiometric protocol for 

initial assessments 

PTA and EHF PTA and EHF PTA and EHF Years 2015–2017: PTA 

and EHF 

Years 2013–2017: 

PTA: 85.9 (714/831) 

Years 2015–2017: 

PTA and EHF: 27.5 

(117/425) 

Frequency of monitoring 

assessments during 2-

year treatment period 

Weekly, if possible, then 

monthly after treatment 

stops until hearing 

stabilises then at 3 and 6 

months. 

Weekly or biweekly. 

Cessation of monitoring is 

unspecified. 

Biweekly then monthly 

after treatment ends until 

hearing stabilises then at 3 

and 6 months. 

Monthly for initial 6 months 

then at 3, 6 and 18 months 

post initial 6-month 

treatment period. This 

equates to at least 9 

assessments. 

Patients were assessed 

3.1 times on average 

Timing between 

monitoring assessments 

7 days 7–14 days 14 days 30 days 58.3 (SD = 6.23) days on 

average 

Monitoring assessment 

follow-up return rate 

Not specified Not specified Not specified Not specified 68.1–72.4% for the 1st – 

3rd monitoring 

assessments 
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3.5 Discussion 

Almost half (46.8%) of DRTB patients had an initial assessment conducted in 

accordance with the OMP protocol recommendation, before or within 14 days of 

treatment initiation. This is more positive compared to a previous South African 

hospital-based study that reported that only 10% of patients could be tested within two 

weeks of treatment initiation (Khoza-Shangase & Stirk, 2016). The follow-up rates for 

the first three assessments ranged from 68.1 to 72.4%. Encouragingly, the follow-up 

rates between the initial assessment and first monitoring assessment improved to 

79.5% as the OMP became more established from 2013 to 2017. The follow-up rates 

of this study are higher than those of a community-based DRTB treatment program 

that included ototoxicity monitoring, where the loss to follow-up was reported as being 

as high as 38% (Moyo et al., 2015). This demonstrates the potential of a community-

based model of care for ototoxicity monitoring to establish itself over time as a robust, 

widely used service. Similar timing and frequency of ototoxicity monitoring was found 

in patients assessed by CHW and those assessed by PHC audiologists. Therefore, the 

findings of the current study support the use of CHW to facilitate community-based 

ototoxicity monitoring of patients with DRTB. 

Despite improvements in ototoxicity monitoring service delivery using community-

based care and CHWs to facilitate monitoring, the OMP still falls short in several areas. 

The findings indicate that the OMP was unable to meet the outcomes set out by the 

guidelines (AAA, 2009; ASHA, 1994; HPCSA, 2018) and OMP protocol, supporting 

existing reports (Ramma, Nhokwara, et al., 2019). One of the indicators of quality and 

effectiveness of an OMP is the timely assessment and monitoring of patients who may 

develop ototoxic hearing loss (AAA, 2009; HPCSA, 2018). The timing of initial 

assessments in the current study did not meet the guideline or OMP protocol 

recommendations for more than half (53.2%) of the patients. Most patients (89.9%) 

received their medication more than two months (Average = 70.3 days; SD = 131.50) 

before undergoing an initial assessment. This far exceeds the guideline and OMP 

recommendations (AAA, 2009; ASHA, 1994; HPCSA, 2018), which state that an initial 

assessment should be conducted prior to, or within three to 14 days of treatment 

initiation. Timely initial assessments are vital to effective ototoxicity monitoring. 
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Subsequent monitoring measures are compared to those obtained during the initial 

assessment and any decisions regarding counselling, the adjustment of treatment 

regimens or substitution with less ototoxic drugs are based on these comparisons 

(Konrad-Martin et al., 2005). Historically, the recording of timeous initial assessments 

has been inconsistent, as reported by South African OMPs (Govender & Paken, 2015; 

Hong et al., 2020; Khoza-Shangase & Masondo, 2020; Khoza-Shangase & Stirk, 2016) 

and evidenced in the current study. 

Patients in this study were not monitored with the regularity recommended by the 

guidelines and the OMP protocol. More than 90% did not attend the recommended six 

or more monthly monitoring assessments (AAA, 2009; ASHA, 1994; HPCSA, 2018). 

Throughout the course of DRTB treatment, lasting up to 18 months and in some cases 

even longer, patients were assessed on average only 3.07 (SD = 2.31) times. 

Ototoxicity monitoring was conducted on average every 58.3 (SD = 6.23) days, almost 

twice the 30 days recommended by the OMP protocol. This undermines the purpose 

of ototoxicity monitoring and results in a missed opportunity for early detection and 

management of ototoxic hearing loss. Previous reports have also indicated that 

audiologists conducting ototoxicity monitoring in South Africa do not conduct 

monitoring assessments with the frequency recommended by the national guidelines, 

that is, every two weeks (Khoza-Shangase & Masondo, 2020). These poorly met 

indicators raise questions about the effectiveness of OMPs and suggest that careful 

review and reconsideration of approaches, technologies and human resources used is 

required. 

When extended high-frequency pure-tone audiometry was made available to the 

testers in this study it was underutilised, with less than a third of patients (27.5%) 

assessed undergoing using extended high-frequency pure-tone audiometry. Extended 

high-frequency pure-tone audiometry has been recommended for ototoxicity 

monitoring as a method to detect hearing damage earlier than conventional pure-tone 

audiometry (AAA, 2009; ASHA, 1994; HPCSA, 2018). Historically, most audiologists 

in South Africa have not used extended high-frequency pure-tone audiometry when 

conducting ototoxicity monitoring because the specialised equipment was unavailable 

to them (Govender & Paken, 2015). Even when available, extended high-frequency 
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pure-tone audiometry is often used inconsistently throughout a patient’s course of 

treatment, making reliable comparisons of hearing thresholds difficult or impossible 

(Khoza-Shangase & Masondo, 2020). 

It is unclear why testers in this study did not use the extended high-frequency pure-

tone audiometry for ototoxicity monitoring when it was available. One reason may 

relate to the additional time required and the difficulty in performing consecutive tests 

for chronically ill patients (Ganesan et al., 2018). It is vital to conduct a quick and 

efficient hearing assessment on patients with DRTB as reliable behavioural responses 

are needed to make accurate comparisons for ototoxicity detection (Ganesan et al., 

2018). Assessment procedures may need to be adapted for patients unable to cope 

with a comprehensive assessment (HPCSA, 2018). A sensible recommendation (AAA, 

2009; HPCSA, 2018) has been to implement individualised, shortened, serial 

monitoring protocols that target the highest frequencies most sensitive to ototoxicity 

(Fausti et al., 1999), or to reduce the number of frequencies assessed to include the 

high frequencies only (HPCSA, 2018). The use of a sensitive range for ototoxicity has 

been shown to decrease test time to one third that of a comprehensive test of all 

frequencies (Fausti et al., 1999). The use objective, noninvasive distortion product 

otoacoustic emission testing could be considered as an ototoxicity monitoring 

assessment tool, particularly for difficult-to-test patients (Ganesan et al., 2018). 

Distortion product otoacoustic emission testing offers a quick, reliable, cost-effective 

method to detect initial cochlear ototoxic changes before they are able to be detected 

by conventional pure-tone audiometry (Ganesan et al., 2018). The application of such 

protocols and adaptions could alleviate the strain on time and human resources 

synonymous with ototoxicity monitoring (Fausti et al., 1999), leading to more 

successful OMP outcomes. In addition, the use of an automated test protocol together 

with a smartphone based mobile technology may further support time effective 

assessments (Swanepoel, 2020). These findings highlight the importance of ongoing 

quality control measures and supportive supervision strategies (WHO, 2018) for OMP 

as well as the continuous training of testers (Eksteen et al., 2019), including task-

shifting, to facilitate assessments.  
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In this study, the data recorded by testers on paper-based data collection forms were 

inconsistent. The descriptive data for more than a third (37.7%) of the patients were 

unavailable to the researchers for retrospective analysis. In South Africa, where a 

systematic national electronic health data management system for ototoxicity 

monitoring does not exist, it is common practice for audiologists conducting ototoxicity 

monitoring services to rely solely on paper-based data management procedures 

(Khoza-Shangase & Masondo, 2021). This can lead to errors in collecting and 

analysing data (Khoza-Shangase & Masondo, 2021), as evidenced in this study. 

Thorough data collection and management in the field are necessary for auditing and 

research purposes, and are of particular importance when comparing repeated 

measures such as those of an OMP (Khoza-Shangase & Masondo, 2021). The 

ongoing training and monitoring of testers is important to maintaining a high standard 

of data collection and management for OMPs (Eksteen et al., 2019). The use of 

smartphone technology and cloud-based data management has been shown to offer 

effective data management for large scale screening purposes (Eksteen et al., 2019). 

Integrating secure data sharing with national health repositories should be considered 

to improve data management procedures of OMPs in South Africa (Swanepoel, 2020). 

Limitations of this study included a high rate of data that were unavailable for analysis 

and the lack of quantitative measures of the quality of testing by CHWs and PHC 

audiologists. Furthermore, patient interviews were conducted at the initial assessment 

only, and not at subsequent monitoring and exit assessments; after prolonged 

treatment with Kanamycin, the incidence of self-reported adverse audiological 

symptoms may have been higher. 

3.6 Conclusions 

Community-based OMP using CHWs to facilitate monitoring showed improvement 

over previous hospital-based reports with higher follow-up rates and more accessible 

services. CHWs may also support OMP services by alleviating the strain on hospital-

based services, particularly during the COVID-19 pandemic. However, to improve 

OMP outcomes and to encourage timely ototoxicity assessment, current protocols may 

require reassessment to optimise limited resources. The poor utilisation of extended 

pure-tone audiometry by testers suggests that a more targeted approach to ototoxicity 
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monitoring is required, where only frequencies most sensitive to ototoxicity are 

prioritised. Mobile smartphone audiometry solutions with paperless cloud-based data 

management may further support decentralised monitoring facilitated by CHWs. 
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4.1 Abstract 

Background: South Africa has a high burden of drug-resistant tuberculosis (DRTB) 

and until recently, ototoxic aminoglycosides were predominant in treatment regimens. 

Community-based ototoxicity monitoring programmes (OMPs) have been 

implemented for early detection of hearing loss and increased patient access.  

Objective: A longitudinal study was conducted to describe the service delivery 

characteristics of a community-based OMP for DRTB patients facilitated by CHWs as 

well as observed ototoxic hearing loss in this population. 

Method: A descriptive retrospective record review of longitudinal ototoxicity monitoring 

of 194 DRTB patients undergoing treatment at community-based clinics in the City of 

Cape Town between 2013 and 2017.  

Results: Follow-up rates between consecutive monitoring assessments reached as 

high as 80.6% for patients assessed by CHWs. Few patients (14.2–32.6%) were 

assessed with the regularity (≥ 6 assessments) and frequency required for effective 
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ototoxicity monitoring, with assessments conducted on average every 53.4 –64.3 days. 

Following DRTB treatment, 51.5% of patients presented with a significant ototoxic shift 

meeting one or more of the American Speech-Language-Hearing Association (ASHA) 

criteria. Deterioration in hearing thresholds was bilateral and most pronounced at the 

high frequencies (4 kHz–8 kHz). The presence of pre-existing hearing loss, HIV co-

infection, and a history of noise exposure were significant predictors of ototoxicity in 

DRTB patients. 

Conclusion: DRTB treatment with kanamycin resulted in a significant deterioration of 

hearing status longitudinally, predominantly at high frequencies. With ongoing training 

and supportive supervision, CHWs can facilitate community-based ototoxicity 

monitoring of DRTB patients. Current protocols and guidelines may require 

reassessment for appropriate community-based ototoxicity monitoring.  

Keywords: Community-based services; community health workers; decentralised 

services; tuberculosis; drug-resistant tuberculosis; hearing loss; ototoxicity monitoring; 

audiometry; South Africa. 

4.2 Introduction 

Tuberculosis (TB) is a communicable disease spread when people who are sick expel 

the TB-causing bacteria into the air (World Health Organisation [WHO], 2020a). 

Although TB can be successfully prevented and treated (Cox et al., 2019), it is the 

leading infectious disease and one of the top 10 causes of death globally (WHO, 

2020a). Africa accounted for 25% of the 10 million people globally who developed TB 

in 2019, with South Africa being identified by the WHO as a high-burden TB country 

(WHO, 2020a). Furthermore, South Africa has a high prevalence rate (19.5%) of 

human immunodeficiency virus (HIV) infection for adults aged 15–49 years (Republic 

of South Africa Statistics Department, 2021; Wells et al., 2007). In 2019, 209 000 

people in the country were afflicted with TB and HIV (WHO, 2020a). Tuberculosis may 

accelerate the course of HIV infection, which may contribute to the increase in the 

prevalence of drug-resistant TB (DRTB) in patients with TB (Wells et al., 2007).  
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Tuberculosis that is resistant to at least two of the most effective anti-TB drugs, 

rifampicin and isoniazid, is known as DRTB (Centers for Disease Control and 

Prevention [CDC], 2016). Rifampicin-resistant TB (RRTB) and multidrug-resistant TB 

(MDRTB), which are different types of DRTB, continue to be a public health threat 

(WHO, 2020a) that jeopardises the control of TB (Horsburgh, Mitnick, & Lange, 2019). 

Close to half a million people developed RRTB globally in 2019, 78% of whom had 

MDRTB (WHO, 2020a). South Africa has the highest number of patients with MDRTB 

on the African continent (Lange et al., 2019), with an estimated 23 out of every 100 

000 people being infected with RR/MDRTB (WHO, 2020a).  

 

Treatment of DRTB takes longer and requires drugs that are more expensive and more 

toxic than those used for the treatment of TB (WHO, 2020a). Before 2018, the WHO 

and the South African Department of Health (Department Health Republic of South 

Africa [DOH], 2013) included the use of a second-line injectable antibiotic (either an 

aminoglycoside such as kanamycin, or a polypeptide) in the DRTB treatment regimen 

(Wrohan, Redwood, Ho, Velen, & Fox, 2021). Aminoglycoside antibiotics are known to 

affect hearing and balance, or both, through ototoxicity in the cochleovestibular organ 

(Campbell & Le Prell, 2018). Outer hair cell damage starts at the basal coil and 

progresses to the apex of the cochlea, resulting in a permanent high-frequency hearing 

loss, progressing to the lower frequencies (De Jager & Van Altena, 2002). Damage to 

the outer hair cells is followed by progressive loss of the inner hair cells in more severe 

cases (Xie, Talaska, & Schacht, 2011). The prevalence rate of aminoglycoside-

induced ototoxicity in DRTB patients, which is estimated as 63% of patients (WHO, 

2021b), is dependent on the drug, drug dosage, treatment duration (Huth, Ricci, 

Cheng, & Pearson, 2011; Schacht, Talaska, & Rybak, 2012; Xie et al., 2011) and 

patients’ demographic profile (Ramma, Heinze, & Schellack, 2019). In the Western 

Cape, it has been reported that around 47% – 57% of DRTB patients have developed 

aminoglycoside-induced hearing loss (Melchionda et al., 2013; Petersen & Rogers, 

2015; Ramma et al., 2019). 

Concerns regarding the ototoxic nature of injectable antibiotics and the availability of 

novel, less toxic, more effective drugs led to an update of the South African Department 

of Health (DOH, 2018) and WHO DRTB treatment guidelines in 2018 and 2019, 
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respectively (WHO, 2020b; Wrohan et al., 2021). The latest DRTB treatment guidelines 

recommend a shorter, all-oral regimen containing bedaquiline for the treatment of 

RR/MDRTB (DOH, 2018; WHO, 2020b). Bedaquiline has fewer side effects than the 

other drugs used to treat DRTB (Medicins Sans Frontieres [MSF], 2020) and does not 

appear to be associated with hearing loss, unlike kanamycin (Khoza-Shangase & 

Prodromos, 2021). However, an all-oral regimen may not be suitable for all patients, 

and therefore the guidelines continue to include the use of amikacin, which is 

associated with an estimated hearing loss prevalence of 38.9% (Dillard et al., 2021; 

Evans et al., 2015; WHO, 2020b; Wrohan et al., 2021). Furthermore, access to novel 

drugs has remained limited (MSF, 2020). Between 2015 and 2019, only one in nine 

people across 36 countries who could benefit from bedaquiline received the medication 

(Cox et al., 2018; MSF, 2020). Despite their adverse effects, aminoglycoside antibiotics 

are used in high-burden TB countries because they are easily accessible and 

inexpensive, leading to an increased burden of aminoglycoside induced hearing loss 

(Bardien et al., 2009; Campbell & Le Prell, 2018). Almost half (46%; 17/37) of the 

countries whose national policies and practices were surveyed in 2019 (MSF, 2020) 

reported still using kanamycin or capreomycin in the treatment of DRTB, contrary to 

the latest recommendations (WHO, 2020a). In addition, the coronavirus disease 2019 

(COVID-19) pandemic threatens to undo the progress made in TB control as it causes 

major disruptions to essential TB services and threatens to increase the burden of TB 

disease (WHO, 2020a). As a result, a substantial number of patients may develop 

ototoxic hearing loss and require hearing loss prevention strategies, including 

audiological ototoxicity monitoring (Dillard et al., 2021). 

When the use of injectable ototoxic medications is unavoidable, audiological ototoxicity 

monitoring is essential to optimise hearing-related outcomes (WHO, 2021b; Wrohan et 

al., 2021). Audiological ototoxicity monitoring encompasses the regular assessment of 

patients’ hearing thresholds during treatment to detect early changes in hearing, so 

that treatment regimens can be adjusted and disabling hearing loss can be avoided 

(WHO, 2021b). In response to the high prevalence of ototoxic hearing loss associated 

with DRTB treatment, the South African National TB Control Programme implemented 

the National Ototoxicity Prevention Programme to improve the access to audiological 

monitoring and reduce the prevalence of ototoxic hearing loss (WHO, 2021b). As part 
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of this programme, portable audiometers and training were offered to selected 

decentralised health facilities, including primary healthcare (PHC) facilities (WHO, 

2021b). Patients with DRTB were able to access ototoxicity monitoring services 

outside centralised TB hospitals, increasing access to care (DOH, 2013; Ndjeka et al., 

2020; The South African National Aids Council, 2017).  

The South African Department of Health has committed to addressing the disparity in 

human resources for health by prioritising the integration of 50 000 community health 

workers (CHWs) into the PHC system by 2024 (DOH, 2020). Community health 

workers are individuals working in the community in which they reside who are selected 

and trained to broaden the access and coverage of health care services in remote 

areas (WHO, 2007). Community health workers engage in task-sharing, which involves 

the shifting of health care tasks from highly skilled professionals such as audiologists 

to workers with shorter training, such as CHWs (Dillard et al., 2021; DOH, 2020). Task 

shifting (Mulwafu, Ensink, Kuper, & Fagan, 2017) and incorporating ototoxicity 

monitoring into existing service delivery models, such as community-based health care 

services, have been proposed to address the barriers to ototoxicity monitoring (Dillard 

et al., 2021). 

To improve the efficacy and efficiency for early detection of hearing changes, existing 

ototoxicity monitoring programmes (OMPs) and treatment effects should be evaluated 

so that ototoxicity monitoring guidelines can be adapted to specific settings (Dillard et 

al., 2021; Health Professions Council of South Africa [HPCSA], 2018). The current 

study, therefore, aimed to describe the service delivery characteristics of a community-

based OMP for patients with DRTB, facilitated by CHWs and PHC audiologists using 

conventional audiometry (0.25 kHz – 8 kHz) for ototoxicity monitoring according to the 

timing, frequency and follow-up rates of ototoxicity monitoring assessments. In 

addition, this study aimed to describe the ototoxic hearing loss observed in DRTB 

patients over time. To our knowledge, this is the first study to report on observed 

longitudinal treatment effects for DRTB and ototoxicity monitoring conducted by CHWs 

in a decentralised community-based model of care for increased patient access. 
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4.3 Materials and Method 

This study was part of a larger, longitudinal descriptive retrospective record review of 

a decentralised community-based OMP for patients with DRTB facilitated by CHWs 

between 2013 and 2017. This specific OMP was selected for investigation as it offers 

a novel approach to ototoxicity monitoring for DRTB patients with a timeframe allowing 

for as many study participants as possible. The data were collected at community 

health centres and PHC clinics in two sub-districts of the city of Cape Town (CoCT), 

namely the [location masked for blind review] and [location masked for blind review] 

sub-districts. At the time of data collection, the sub-districts were characterised by a 

predominantly coloured (30% – 50%) and black African (19% – 46%) population who 

mostly resided in formal dwellings (68% – 87%) (CoCT, 2013a, 2013b, 2013c, 2013d). 

Most people living in the sub-districts included in this study were employed (68% – 

87%), with 32% – 60% of people having completed high school education (Grade 12) 

(CoCT, 2013a, 2013b, 2013c, 2013d). This study aimed to supplement the findings of 

a larger study by describing the service delivery characteristics of a community-based 

OMP for DRTB patients facilitated by CHWs and PHC audiologists and the ototoxic 

hearing loss observed in this population over time. 

4.3.1 Participants 

This study included patients from a larger study who met the following selection criteria: 

patients who (1) received kanamycin, (2) were tested using conventional audiometry 

(0.25 kHz – 8 kHz), (3) had a baseline assessment conducted before, on the same 

day, or within 2 weeks of initiation of medication, and (4) had one or more follow-up 

monitoring assessments using conventional audiometry thereafter. The selection 

criteria were based on the OMP protocol and guidelines for ototoxicity monitoring 

(HPCSA, 2018) to allow for comparability. Non-probability purposive sampling was 

used to select all patients with DRTB, regardless of age, gender or hearing status. Of 

the 831 patients included in the parent study, 194 patients met all the selection criteria 

and were eligible for inclusion in this study (Figure 4.1). The patient interviews and 

ototoxicity monitoring assessments were conducted by six CHWs and two PHC 

audiologists at 19 of the sub-districts’ PHC clinics and community health centres. In 

2012, the Western Cape Department of Health, in collaboration with the University of 

 
 
 

 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 



Chapter 4 

 

 

65 

Cape Town, initiated a pilot project in which 30 CHWs underwent a year-long certificate 

training programme to become members of the PHC team (Clark, 2015; Gamiet & 

Rowe, 2019). The CHWs were provided with skills and knowledge in community-based 

rehabilitation to support people with disabilities in two underserved communities in the 

Western Cape (Gamiet & Rowe, 2019). To facilitate ototoxicity monitoring for DRTB in 

a community-based setting, six CHWs received additional training from the PHC 

audiologist responsible for the Mitchells Plain/Klipfontein sub-district. The six CHWs 

were also trained to conduct home-based hearing screening and hearing screening of 

school-aged children and patients attending a PHC clinic. 
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dB, decibel. 

Figure 4.1 Patient selection procedure  
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4.3.2 Data Collection Procedure 

The data collection procedure for this study was the same as for the larger study 

(Stevenson et al., 2021). The OMP protocol implemented at the time of data collection 

was as follows: all patients who received ototoxic medication for treatment of DRTB 

were identified and referred by their managing doctor and included in the OMP as part 

of the package of care. Patients visited a clinic or centre daily for the first 6 months of 

treatment to receive their medication from a nurse. After the initial 6-month treatment 

period, medication was continued for 18 months, with patients visiting a clinic weekly 

to obtain their medication, and monthly to consult with their managing doctor. At the 

time of data collection, the official South African ototoxicity monitoring guidelines had 

not yet been published, thus the OMP developers relied on adapting the international 

guidelines of the American Speech-Language-Hearing Association (ASHA) (ASHA, 

1994) and the American Academy of Audiology (AAA) (AAA, 2009) when developing 

the OMP protocol. An unpublished draft of the HPCSA ototoxicity monitoring guideline 

was, however, available to the OMP developers to assist them in applying the 

international guidelines to the South African context. 

Community health workers and PHC audiologists travelled to the clinics in each sub-

district with portable audiological equipment. Community health workers and PHC 

audiologists were testers in the Mitchells Plain/Klipfontein sub-district, whereas only 

PHC audiologists were testers in the Western or Southern sub-district. At the time of a 

patient’s baseline assessment, identifying information including the patient’s name, 

date of birth, gender and medical history pertaining to HIV status, DRTB medication/s, 

comorbidities and adverse effects were recorded manually on a paper data collection 

form by CHWs and PHC audiologists. This information was obtained from the patient’s 

medical records in a clinic file and/or verbally reported to the CHWs and PHC 

audiologists during the patient interview. The KUDUwave portable audiometer (eMoyo, 

South Africa) was used by CHWs and PHC audiologists in this study. The KUDU wave 

is a PC (Dell laptop) controlled clinical diagnostic audiometer, and integrated supra-

aural ear-cup and insert earphone headset, with an electronic response button for use 

without a soundproof booth. Automated and manual programmes conduct audiometry 

up to 16 kHz. Results are stored electronically and store-and-forward for printing. 
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The protocol for baseline and monitoring audiological ototoxicity monitoring 

assessments followed by the OMP at the time of data collection was as follows: a 

bilateral otoscopic examination was conducted followed by air-conduction pure-tone 

audiometry, and the findings recorded on the data collection form. If outer or middle 

ear pathology was suspected following otoscopy, the patient was referred to the 

managing doctor or nurse for appropriate treatment and referred for audiometry, 

according to the OMP protocol. Baseline assessments were conducted at the clinics 

prior to, on the same day or within 2 weeks of DRTB treatment initiation. Monitoring 

assessments were conducted once a month during the initial 6-month treatment 

regimen and then at 3, 6 and 18 months thereafter. Where an ototoxic shift meeting 

predetermined criteria (ASHA, 1994) was evident, the managing doctor was informed, 

and monitoring assessments were then conducted every 2 weeks until no change in 

hearing thresholds was detected. Assessments were conducted in a quiet environment 

using conventional audiometry (0.25 kHz – 8 kHz). Typically, manual testing would 

have been done; however, an automatic mode of threshold determination may also 

have been used in some instances. The equipment required to conduct both 

conventional audiometry and extended high-frequency (EHF) audiometry became 

available in November 2015 for use in the [location masked for blind review], and in 

July 2016 for use in the [location masked for blind review] sub-district. Before this, only 

conventional audiometry was available for ototoxicity monitoring. 

Each patient’s descriptive and audiological data were recorded manually by the CHWs 

and PHC audiologists on paper data collection forms and stored in the patient’s clinic 

file. A copy of each patient’s data collection form was kept with the CHWs and PHC 

audiologists and regularly made available for review to the managing PHC audiologist 

responsible for each sub-district. Upon completion of a patient’s DRTB treatment and 

ototoxicity monitoring, the form was stored permanently with the PHC audiologist 

responsible for each sub-district. The researchers collected the hardcopies of the 

patients’ data collection forms from the managing PHC audiologists in each sub-district 

for analysis, and these were returned upon completion of this study. 
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4.3.3 Data analysis 

Data were imported from Excel into Statistical Package for Social Sciences (SPSS) 

software (version 27), after which descriptive statistics such as frequency distributions, 

measures of central tendency and measures of variability were used to present and 

interpret the data in a meaningful way. Data cleaning was performed where data 

erroneously captured by the CHWs, PHC audiologists and/or the researcher, such as 

dates, were corrected to be in a uniform format. In cases where data was accidentally 

not captured by the researcher, the data collection forms were re-examined to 

supplement any missing data. Because the data differed significantly from normality 

(Shapiro–Wilk p < 0.05), nonparametric tests were used (Field, 2018). The Wilcoxon 

signed-rank (W) test was used to compare significant differences between dependent 

groups (baseline assessment and exit assessment). The Mann–Whitney U (U) test 

was used to determine whether there was a difference in the variables (timing of 

baseline assessments and the number of monitoring assessments attended by 

patients) for independent groups (patients assessed by CHWs and patients assessed 

by PHC audiologists). In order to determine significant predictors for hearing 

deterioration, multiple linear regression models with many assumptions were run 

initially; one of these assumptions is that the error terms must be normally distributed. 

The error terms in this study were not normally distributed. Therefore, quantile 

regression models, which are robust to outliers and do not require the assumptions of 

normally distributed error terms, were used instead. For inferential statistics, a 5% level 

of significance was used throughout.  

The OMP used paper data collection forms, which were manually completed by the 

CHWs and PHC audiologists for each patient. Where important data were missing, this 

was because data were not recorded on the data collection forms by the testers, and 

were therefore unavailable for inclusion in this retrospective study. 

4.3.4 Ethical Considerations 

The study was conducted according to the guidelines of the Declaration of Helsinki and 

was approved by the Institutional Review Board (or Ethics Committee) of the University 

of Pretoria (GW20161128HS; 63/2017), the CoCT (7788) and the Western Cape 
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Department of Health (WC_2017RP22_896). Owing to the retrospective nature of this 

study, consent to access the existing data collection forms on behalf of the patients 

was granted by the Western Cape Department of Health and the CoCT Health 

Department. All patient identifying information was kept confidential as patient records 

were given a numerical code in order to ensure anonymity during data collection and 

analysis. Data from the data collection forms were recorded on a password-protected 

Excel spreadsheet for later analysis by the researchers. 

4.4 Results 

4.4.1 Participants 

Of the 831 patients included in the parent study, 201 met the participant selection 

criteria and were eligible for inclusion in this study. Seven patients with results 

indicating technical or procedural issues related to their baseline and exit assessment 

audiograms (i.e. improved thresholds [> 50 dB HL] across all frequencies) were 

excluded. A final sample of 194 patients (Figure 4.1) was included, as presented in 

Table 4.1. The mean age of patients was 36.2 years (standard deviation [SD] = 11.3; 

range = 15.0 – 65.1 years). The gender of 33.0% (64/194) of the patients was not 

recorded by CHWs and PHC audiologists on the data collection forms and was thus 

unavailable for inclusion in this retrospective study. At the time of the baseline 

assessment, 24.7% (48/194) of patients reported having DRTB and HIV co-infection, 

20.6% (40/194) reported a history of excessive noise exposure and 18.0% (35/194) 

reported experiencing tinnitus. Patients’ baseline assessments were conducted, on 

average, 16.8 days (SD = 86.5; range = –494 to 14 days) before treatment initiation.   
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Table 4.1 Participant description at the time of the baseline assessment (n = 194) 

 % n 

Gender 

Not recorded 33.0 64 

Male 35.6 69 

Female 31.4 61 

Risk factor for ototoxicity 

DRTB and HIV co-infection 24.7 48 

Noise exposure 20.6 40 

Audiological symptoms 

Tinnitus 18.0 35 

Otalgia 6.2 12 

Hearing loss 5.2 10 

Tester 

CHW 76.3 148 

PHC audiologist 23.7 46 

DRTB, drug-resistant tuberculosis; HIV, human immunodeficiency virus; CHW, community health worker; PHC, 

primary health care. 

 

4.4.2 Ototoxicity monitoring programme characteristics 

4.4.2.1 Timing and frequency of ototoxicity monitoring assessments 

Community health workers tested 76.3% (148/194) of the patients in the study. There 

was a statistically significant difference (p = 0.003; U = 2406.5) between the timing of 

baseline assessments by CHWs and by PHC audiologists. Patients assessed by PHC 

audiologists had a baseline assessment conducted on average 52.0 days (SD = 134.9) 

before treatment initiation, while the patients assessed by CHWs had a baseline 

assessment conducted on average 5.9 days (SD = 61.2) before treatment initiation. 

There was a statistically significant (p = 0.019; U = 2637.0) difference between the 

average number of follow-up visits made by patients between CHWs and PHC 

audiologists; excluding the baseline assessment, patients assessed by PHC 

audiologists attended, on average, 4.3 (SD = 2.5; 46/194) monitoring assessments, 

while patients assessed by CHWs attended, on average, 3.3 (SD = 2.1; 148/194) 

monitoring assessments. Only 14.2% (21/148) of patients assessed by CHWs 
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attended six or more monitoring assessments as recommended by the HPCSA 

(HPCSA, 2018) and the OMP protocol (Figure 4.2), compared with 32.6% (15/46) of 

patients assessed by PHC audiologists. 

 

 

No., number; CHW, community health worker; PHC, primary health care. 

Figure 4.2 Percentage of patients attending assessments following the baseline assessment according 
to tester 

 

4.4.2.2 Ototoxicity monitoring programme follow-up rates 

The follow-up rates of the first six monitoring assessments for patients assessed by 

PHC audiologists (69.2% – 87.0%) were higher than for those assessed by CHWs 

(51.2% – 80.6%) (Table 4.2). The average days elapsed between monitoring 

assessments were fewer for patients assessed by CHWs (53.4 days; SD = 10.3) than 

for patients assessed by PHC audiologists (64.3 days; SD = 19.3) (Table 4.2). Both 

groups exceeded the 14–30 days between monitoring assessments recommended by 

the HPCSA (HPCSA, 2018) and the OMP protocol.  
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Table 4.2 Follow-up return rates and average days between consecutive pure tone audiometry 
assessments according to tester type 

 

Tester/Monitoring 

assessments 

CHWs PHC audiologists 

Follow-

up rate 

% 

n/group 

total 

Ave no. of 

days 

between 

assessments 

SD 

Follow-

up rate 

% 

n/group 

total 

Ave no. of 

days 

between 

assessments 

SD 

1st–2nd 73.0 108/148 47.8 37.8 87.0 40/46 68.1 83.9 

2nd–3rd 80.6 87/108 53.2 62.1 80.0 32/40 55.2 52.6 

3rd–4th 74.7 65/87 63.4 75.4 81.3 26/32 48.4 45.4 

4th–5th 63.1 41/65 52.3 44.3 69.2 18/26 87.8 107.3 

5th–6th 51.2 21/41 49.7 42.1 83.3 15/18 65.7 37.8 

SD, standard deviation; CHW, community health worker; PHC, primary healthcare; Ave no., average number. 

 

4.4.3 Ototoxicity characteristics 

4.4.3.1 Treatment effects on hearing 

More than half (51.5%; 100/194) of the patients presented with a pre-existing hearing 

loss at the time of the baseline assessment, where a hearing loss was defined as one 

or more hearing threshold > 25dB HL in one or both ears across all frequencies (ASHA, 

2022; Stach & Ramachandran, 2017), increasing to 66.5% (129/194) at the time of the 

exit assessment. On average, a decline in hearing thresholds from the baseline to exit 

assessment was evident across all frequencies bilaterally, with the deterioration most 

pronounced at the high frequencies (Figure 4.3 and Table 4.3). The mean hearing 

threshold deterioration was statistically significant at the high frequencies 4 kHz (p = 

0.006; W = −2.744), 6 kHz (p < 0.001; W = −3.897) and 8 kHz (p < 0.001; W = −4.371) 

of the left ear, and at the frequencies 500 Hz (p = 0.021; W = −2.309), 1 kHz (p = 0.029; 

W = −2.178), 2 kHz (p = 0.005; W = −2.248), 4 kHz (p < 0.001; W = −3.573), 6 kHz (p 

< 0.001; W = −4.456) and 8 kHz (p < 0.001, W = −5.322) in the right ear (Table 4.3). 
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Figure 4.3 Mean hearing thresholds and deterioration of the left (a) and right (b) ears from baseline to 
exit assessment (n = 194) (error bars = standard error) 
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Table 4.3 Mean baseline and exit assessment hearing threshold values and hearing deterioration for 
the left and right ears (n = 194) 

Frequency 

(Hz)  
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Left ear 

250  20.8  16.8  194  23.7  21.4  193  -2.8  17.8  193  

500  18.9  16.6  194  22.5  23.0  193  -3.5  18.2  193  

1000  19.3  16.2  194  23.7  24.3  194  -4.3  20.1  194  

2000  17.7  16.4  194  21.5  23.8  193  -3.7  19.3  193  

3000  21.3  16.9  20  34.1  29.4  27  -9.1  22.2  17  

4000  17.2  18.6  194  23.2  26.1  194  -6.0  21.9*  194  

6000  21.7  20.1  170  29.6  27.0  179  -8.0  22.2*  168  

8000  24.5  21.9  194  33.3  29.0  193  -8.9  23.5*  193  

Right ear  

250  20.8  16.2  192  23.7  22.1  193  -2.9  18.4  191  

500  18.2  16.3  193  23.1  23.1  193  -4.8  19.7*  192  

1000  17.0  16.1  193  21.5  23.6  194  -4.4  19.5*  193  

2000  16.5  17.1  193  21.2  24.8  194  -4.7  20.0*  193  

3000  19.0  18.9  20  28.8  27.1  25  -7.1  21.3  17  

4000  16.9  19.2  193  24.1  28.1  194  -6.9  21.9*  193  

6000  20.4  21.1  169  29.6  28.6  182  -8.9  21.8*  167  

8000  23.7  23.3  193  34.0  28.7  194  -10.0  23.0*  193  

Hz, Hertz; dB, decibel; SD, standard deviation.  

*, statistical significance of p < 0.05. 

 

The patients’ hearing thresholds were compared according to various pure tone 

averages (PTAs) in Table 4.4 as follows: overall PTA (0.5 kHz – 4 kHz), low-frequency 

PTA (0.25 and 0.5 kHz), mid frequency PTA (1 and 2 kHz) and high frequency PTA (3 

kHz – 8 kHz). Hearing deterioration was evident across all PTA groups bilaterally; 

however, deterioration was most pronounced at high frequencies (Table 4.4 and Figure 

4.4). The results indicated statistically significant deterioration in the mean high-

frequency PTA for the left (p < 0.001; W = −4.125) and right (p < 0.001; W = −5.247) 
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ears. The mean overall PTA deterioration (p = 0.001; W = −3.426) and the mid-

frequency PTA deterioration (p = 0.017; W = −2.381) of the right ear from baseline to 

exit assessment was statistically significant (Table 4.4). There was no statistically 

significant difference in the mean hearing threshold deterioration at each frequency (p 

> 0.05; W = −1.499 – 0.240) or mean PTA deterioration between the left and right ears 

(p > 0.05; W = –1.675–0.637). 

Table 4.4 Mean pure tone average values and hearing deterioration for the left and right ears (n = 194) 

PTA frequency range 
(Hz) 

M
e

a
n

 

b
a

s
e

li
n

e
  

d
B

 

S
D

 

n
 

M
e

a
n

 e
x

it
  

d
B

 

S
D

 

n
 

M
e

a
n

  
d

e
te

ri
o

ra
ti

o
n

  

d
B

 

S
D

 

n
 

Left ear  

Overall PTA (500–4000)  18.3  15.6  194  22.7  22.5  194  -4.4  17.6  194  

LF PTA (250–500)  19.8  16.3  194  23.1  21.8  193  -3.2  17.2  193  

MF PTA (1000–2000)  18.5  15.7  194  22.5  23.3  194  -4.0  18.6  194  

HF PTA (3000–8000)  20.7  18.6  194  28.2  25.8  194  -7.6  20.6*  194  

Right ear  

Overall PTA (500–4000)  17.2  16.0  193  22.5  23.3  194  -5.3  18.6*  193  

LF PTA (250–500)  19.5  15.9  193  23.4  22.3  193  -3.9  18.4  192  

MF PTA (1000–2000)  16.8  16.1  193  21.3  23.6  194  -4.5  19.0*  193  

HF PTA (3000–8000)  19.9  19.8  193  28.7  26.8  194  -8.5  20.3*  193  

PTA, pure tone average; Hz, Hertz; LF PTA, low-frequency pure tone average; MF PTA, mid-frequency pure tone average; 

HF PTA, high-frequency pure tone average; dB, decibel; SD, standard deviation.  

*, statistical significance of p < 0.05.  
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HF, high frequency; MF, mid frequency; LF, low frequency; LE, left ear; RE, right ear.  

Figure 4.4 Mean baseline and exit assessment pure tone averages of the left and right ears (n = 194) 
(error bars = standard error) 

4.4.3.2 Description of ototoxic hearing loss 

The presence of an ototoxic shift was determined according to the three criteria 

developed by ASHA (1994), the most widely used and validated criteria (AAA, 2009), 

as indicated in Table 4.5. Following DRTB treatment, more than half of the patients 

(51.5%; 100/194) presented with a significant ototoxic shift meeting one or more of the 

ASHA criteria. Ototoxic shifts occurred most often at high frequencies (4 kHz – 8 kHz). 

There was no statistically significant difference (p = 0.114; W = −1.581) in ototoxic 

shifts (meeting one or more of the ASHA criteria) between the left and the right ears.  
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Table 4.5 Distribution of patients presenting with an ototoxic shift at the time of exit assessment  

ASHA ototoxic shift 

criteria  
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Patients  48.5 94 42.3 82 43.3 84 4.1 8 

Left ear  62.9 122 32.5 63 29.4 57 2.1 4 

Right ear  55.2 107 33.0 64 36.1 70 4.1 8 

Bilateral (left and right)  70.6 137 23.2 45 22.2 43 2.1 4 

Source: American Speech-Language-Hearing Association (ASHA). (1994). Audiologic management of individuals receiving 

cochleotoxic drug therapy. Retrieved from https://www.asha.org/policy/ GL1994-00003/  

ASHA, American Speech-Language-Hearing Association.  

Group 1 shift of ≥ 20 dB at a single frequency; Group 2, shift of ≥10 dB at 2 adjacent frequencies; Group 3, shift to ‘no 

response’ at three consecutive frequencies.  

†, 100/194 patients presented with an ototoxic shift that may have met one or more ASHA criteria: 16.0% (31) met one ASHA 

criterion, 33.0% (64) met two ASHA criteria and 2.6% (5) met three ASHA criteria.  

 

The prevalence of hearing loss severity according to the revised WHO grades of 

hearing impairment is presented in Table 4.6. From the baseline to the exit 

assessment, the prevalence of patients presenting with hearing loss meeting any 

category of hearing loss severity increased from 22.2% (39/194) to 25.8% (50/194). 

For the left and right ears, from the baseline to the exit assessment, the prevalence of 

patients presenting with hearing loss meeting any category of hearing loss severity 

increased from 32% (62/194) to 39.7% (77/194), and from 27.3% (52/193) to 33.5% 

(66/193), respectively. Following DRTB treatment with kanamycin, there was an 

increase in patients presenting with a hearing loss meeting each category of hearing 

loss, excepting mild hearing loss, most notably for the moderate (4.9%; 9/194), total 

(1.5%; 3/194) and unilateral (9.8%; 19/194) categories of hearing loss severity. 
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Table 4.6 Prevalence of hearing loss severity for the left (n = 194) and right (n = 193) ears at the baseline and the exit assessment according to the revised 
WHO grades of hearing loss  

Category Patients†
, 
‡ Left Ear Right Ear 

Baseline Exit Baseline Exit Baseline Exit 

% n/194 % n/194 % n/194 % n/194 % n/194 % n/194 

Normal hearing (-10 dB HL – 19.9 dB HL) 77.8 151 74.2 144 68 132 60.3 117 72.7 141 66.5 127 

Mild hearing loss (20.0 dB HL – 34.9 dB 

HL) 
19.1 37 15.5 30 23.7 46 23.2 45 17.5 34 16.5 32 

Moderate hearing loss (35.0 dB HL – 49.9 

dB HL) 
1.5 3 4.6 9 4.1 8 5.7 11 3.6 7 8.2 16 

Moderately severe hearing loss (50.0 dB 

HL – 64.9 dB HL) 
1.0 2 2.1 4 1.5 3 5.2 10 2.1 4 1.5 3 

Severe hearing loss (65.0 dB HL – 79.9 dB 

HL) 
0.5 1 1.0 2 1.0 2 0.5 1 1.6 3 2.6 5 

Profound hearing loss (80.0 dB HL – 94.9 

dB HL) 
0.0 0 1.0 2 0.5 1 2.1 4 2.1 4 2.6 5 

Total hearing loss (≥ 95.0 dB HL) 0.0 0 1.5 3 1.0 2 3.1 6 0.0 0 3.1 6 

Unilateral hearing loss (< 20.0 dB HL in the 

better ear, ≥ 35. 0 dB HL in the worse ear) 
3.1 6 9.8 19 - - - - - - - - 

Source: Olusanya, B.O., Davis, A.C., & Hoffman, H.J. (2019). Hearing loss grades and the international classification of functioning, disability and health. Bulletin of the World Health Organisation, 

97(10), 725–728. https://doi.org/10.2471/BLT.19.230367 

db HL, decibel hearing level.  

†, In the better ear.  

‡, Pure tone average of 500, 1000, 2000 and 4000 Hz.  
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4.4.3.3 Predictors of hearing loss 

The presence of a pre-existing hearing loss at the time of the baseline assessment 

was a significant predictor of the deterioration of the overall PTA (0.5 kHz – 4 kHz) of 

the left (β = −8.750; 95% confidence interval [CI] [−14.953; −2.547]; p = 0.006) and right 

(β = −13.750; 95% CI [−19.063; −8.437]; p < 0.001) ears over time. Patients presenting 

with a pre-existing hearing loss had an increase in deterioration of 8.75 and 13.75 

times more for the left and right ear, respectively, than those with no pre-existing 

hearing loss. A history of noise exposure was a second significant predictor of the 

deterioration for overall PTA (0.5 kHz – 4 kHz) of the right ear (β = −3.750; 95% CI 

[−6.682; −0.818]; p = 0.012), with patients who indicated exposure to noise having an 

increase in deterioration of 3.75 times more than those with no history of exposure to 

noise. Significant predictors of the deterioration of the high frequency PTA (3 kHz – 8 

kHz) of the right ear, where hearing deterioration was most prominent, included DRTB 

and HIV co-infection (β = −5.833; 95% CI [−10.711; −0.956]; p = 0.019) and the 

presence of a pre-existing hearing loss (β = −26.667; 95% CI [−35.521; −17.812]; p < 

0.001). Quantile regression models showed that gender, age, duration of 

administration of medication, history of tinnitus and tester (CHW or PHC audiologist) 

were not significant predictors of hearing deterioration (p > 0.05). 

4.5 Discussion 

4.5.1 Ototoxicity monitoring programme characteristics 

4.5.1.1 CHWs as facilitators of decentralised community-based ototoxicity 

monitoring  

The majority (76.3%) of patients in this study were assessed by CHWs, possibly 

because there were more CHWs (six) acting as testers than PHC audiologists (two). 

The follow-up rates between consecutive monitoring assessments for patients 

assessed by CHWs reached as high as 80.6%. In addition, the average number of 

days between assessments was lower for patients assessed by CHWs (53.4 days) 

than for those assessed by PHC audiologists (64.3 days). The follow-up rate of patients 

assessed by CHWs is better than the rate of a community-based DRTB treatment 
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programme that included ototoxicity monitoring, where the loss to follow-up was 

reported as being high as 38% (Moyo et al., 2015). Increased usage of ototoxicity 

monitoring and DRTB treatment services has been associated with older age (> 26 

years) (Moyo et al., 2015), timing of baseline assessments (within 1 month of treatment 

initiation), the presence of pre-existing hearing loss and the development of ototoxic 

hearing loss following treatment (Ramma, Nhokwara, & Rogers, 2019). The high 

follow-up rate (80.6%) and the shorter timing between monitoring assessments (53.4 

days) for patients assessed by CHWs in the present study may therefore be attributed 

to the average age of patients (36.2 years), the timing of baseline assessments (5.9 

days before treatment duration), the high prevalence (51.5%) of pre-existing hearing 

loss and the development of ototoxic hearing loss in patients (51.5%) according to one 

or more of the ASHA criteria following DRTB treatment. In addition, the decentralised 

community-based nature of the OMP, offered in a PHC framework of care and 

integrated into DRTB treatments services for increased patient access to care may 

have attributed to the higher follow-up rates and timing between ototoxicity monitoring 

assessments for patients assessed by CHWs evident in this study. 

Numerous challenges to the implementation of ototoxicity monitoring exist, including a 

shortage of trained health care professionals and a lack of resources to conduct serial 

monitoring (Dillard et al., 2021; Khoza-Shangase & Masondo, 2021). Sub-Saharan 

Africa has an extremely low coverage of ear, nose and throat, audiology and speech 

therapy services, and the availability of equipment remains poor (Mulwafu et al., 2017). 

The COVID-19 pandemic has had a severely negative impact on the provision and 

access to TB services for patients in many countries (Migliori et al., 2021; WHO, 2020c, 

2021a, 2021b) exacerbating the existing challenges in treating TB and monitoring 

associated with ototoxicity. World Health Organization guidelines promote the 

establishment of community-based TB services primarily delivered by CHWs, and in 

the context of the COVID-19 pandemic such programmes may mitigate the additional 

strain on healthcare services and the delivery of essential TB services (WHO, 2020a), 

including ototoxicity monitoring. The employment of CHW for community-based 

hearing screening has been shown to provide increased access to hearing services 

(Bright et al., 2019; Eksteen et al., 2019; Mulwafu et al., 2017) and may offer a solution 

to the shortage of human resources synonymous with ototoxicity monitoring in South 
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Africa (O’Donovan, Verkerk, Winters, Chadha, & Bhutta, 2019). In addition, integrating 

ototoxicity monitoring into existing community-based DRTB treatment services in PHC 

allows for a patient-centred approach that can increase patients’ access to services 

(Cox et al., 2014). The findings of the current study indicating high follow-up rates and 

shorter number of days between assessments for patients assessed by CHWs, 

support the feasibility of a community-based model of care for ototoxicity monitoring 

facilitated by CHWs as a widely used service. 

4.5.1.2 Frequency and timing of ototoxicity monitoring assessments and 

OMP data management procedures 

Although there were positive outcomes for community-based ototoxicity monitoring 

facilitated by CHWs, the OMP failed to meet some quality benchmarks pertaining to 

the frequency and timing of ototoxicity monitoring assessments, as stated in the 

guidelines (HPCSA, 2018) and the OMP protocol. A few patients (14.2% – 32.6%) were 

assessed with the regularity required by the OMP protocol and the HPCSA. Ideally, 

ototoxicity monitoring should be conducted every 14 (HPCSA, 2018) to 30 days (OMP 

protocol); however, the OMP was unable to assess patients with the frequency 

recommended, with assessments being conducted, on average every 2 months or 

more (53.4–64.3 days). This demonstrates a missed opportunity for the early detection 

of hearing loss that could support preventative actions through a change in treatment 

regimens (Crundwell, Gomersall, & Baguley, 2016). A previous report has also 

indicated that audiologists conducting ototoxicity monitoring in South Africa do not 

conduct monitoring assessments with the frequency recommended by the national 

guidelines (Khoza- Shangase & Masondo, 2020). 

Significant differences in the frequency of ototoxicity monitoring by CHWs and by PHC 

audiologists were identified in this study. The number of monitoring assessments 

attended by patients assessed by PHC audiologists (mean 4.3) was higher than for 

those assessed by CHWs (mean 3.3). In addition, almost a third (32.6%) of patients 

assessed by PHC audiologists attended the recommended six follow-up assessments, 

compared to 14.2% of patients assessed by CHWs. The reasons for patients assessed 

by PHC audiologists attending monitoring assessments with more frequency than 

those assessed by CHWs could not be established in this study. However, a possible 
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reason may be the supervision and quality control provided by OMP managers of 

ototoxicity monitoring conducted by CHWs. For CHWs to fulfil their role successfully, 

regular training and supervision are required (WHO, 2007). Reports from sub-Saharan 

Africa indicate that the current provision of training for CHWs is not sufficient to improve 

the quality of care in this region (O’Donovan, O’Donovan, Kuhn, Sachs, & Winters, 

2018). Possible suggestions to facilitate ongoing training and supervision for CHWs 

include the use of tools such as smartphone technology and applications like 

WhatsApp (O’Donovan et al., 2018). In addition to ototoxicity monitoring for DRTB, 

CHWs were tasked with conducting home-based, school-based and PHC clinic-based 

hearing screening services at various locations across the Mitchells Plain/Klipfontein 

sub-district. This may have affected the ability of CHWs to visit PHC and community 

health clinics with the frequency required to conduct regular ototoxicity monitoring 

assessments. Furthermore, patient retention to services during the long and arduous 

DRTB treatment regimen is known to be difficult, even in a well-resourced programme 

(Moyo et al., 2015; Ramma et al., 2019); however, the patient variables influencing the 

frequency of ototoxicity monitoring assessments could not be determined because of 

the retrospective nature of this study. 

The current OMP used paper data collection forms that were manually completed by 

CHWs and PHC audiologists. However, important demographic information, such as 

patient gender (33%), was not recorded by CHWs and PHC audiologists, and was, 

therefore, unavailable for analysis owing to the retrospective nature of this study. An 

effective OMP data management system enables the comparison of serial monitoring 

through reliable data recording; this is more efficiently achieved using an electronic 

data management system (Khoza-Shangase & Masondo, 2021). The use of 

smartphone technology and cloud-based data management has been shown to offer 

effective data management for large-scale screening purposes (Eksteen et al., 2019) 

and is recommended for South African OMPs. Integrating secure data sharing with 

national health repositories should be considered in an effort to improve the data 

management procedures of OMPs in South Africa (Swanepoel, 2020). 
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4.5.2 Ototoxicity characteristics 

4.5.2.1 Treatment effects on hearing and predictors of hearing loss 

In resource-limited countries such as South Africa, baseline audiometric assessments 

are often not conducted within the recommended timeframe, before ototoxic damage 

is likely to occur (Ganesan et al., 2018; Govender & Paken, 2015; Khoza- Shangase 

& Masondo, 2020) and pre-existing hearing loss is consequently underdiagnosed 

(Hong et al., 2020). As a result, there are limited data on the prevalence of pre-existing 

hearing loss in DRTB patients, apart from a recent study by Hong et al. (2020). In the 

current study, where patients had a baseline assessment conducted on average 16.8 

days before treatment initiation, more than half (51.5%) presented with a pre-existing 

hearing loss. The findings of this study support recently published reports that found 

that pre-existing hearing loss is prevalent in South African DRTB patients, with 60% of 

patients assessed using conventional audiometry presenting with a pre-existing 

hearing loss prior to treatment (Hong et al., 2020). The prevalence of pre-existing 

hearing loss is an important consideration for South African OMPs, as patients 

presenting with a pre-existing hearing loss prior to DRTB treatment initiation are at 

particular risk of developing further hearing loss following the use of aminoglycoside 

(Hong et al., 2020; Petersen & Rogers, 2015). The increased risk of aminoglycoside-

induced hearing loss in DRTB patients with a pre-existing hearing loss is confirmed by 

the results of the current study, which indicated that patients presenting with a pre-

existing hearing loss at the time of the baseline assessment had an increase in hearing 

deterioration up to 13.75 times higher than those with no pre-existing hearing loss. 

A history of noise exposure was a significant predictor of hearing deterioration in the 

current study, with patients who reported previous exposure to noise presenting with 

3.75 times the deterioration in hearing sensitivity compared with those with no history 

of noise exposure. A previous report concurred, indicating that patients with a history 

of noise exposure and aminoglycoside treatment had poorer high-frequency hearing 

thresholds than those exposed to noise without a history of aminoglycoside treatment 

(Khoza-Shangase, 2020). The findings of this study emphasise the importance of 

counselling for DRTB patients so that they avoid excessive noise exposure during and 

after aminoglycoside treatment (Campbell & Le Prell, 2018). In addition, where hearing 
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deterioration was most prominent at the high frequencies (3 kHz–8 kHz), a significant 

predictor of hearing loss was DRTB and HIV co-infection. The current study supports 

previous findings that HIV-infected DRTB patients are more likely to develop an 

aminoglycoside-induced hearing loss than their non-infected peers (Harris et al., 2012; 

Hong, Budhathoki, & Farley, 2018). Several significant predictors of hearing loss in 

DRTB patients were observed, including the presence of a pre-existing hearing loss, 

HIV co-infection, and a history of exposure to noise. The findings of the current study 

have important implications for OMPs as they highlight the need for OMPs to identify 

and prioritise DRTB patients presenting with pre-existing hearing loss, HIV co-

infection, and noise exposure for all-oral treatment regimens, together with more 

vigilant audiological ototoxicity monitoring for early management of hearing 

deterioration. Patients presenting with these conditions should be identified by OMPs 

for closer supervision of attendance of ototoxicity monitoring assessments, through 

direct communication with patients using, for example, smartphone technology and 

applications like WhatsApp. 

4.5.2.2 Description of hearing loss 

The reported prevalence of ototoxicity varies widely and depends on various factors, 

including drug type and dosage, and patients’ demographic profile, such as age (> 60 

years), the presence of mitochondrial mutations and exposure to loud noises (Ramma 

et al., 2019). In addition, a lack of standardised research methodology and the use of 

different criteria to grade and classify hearing loss has influenced the estimates of 

hearing loss prevalence (Campbell & Le Prell, 2018; Dillard et al., 2021; Ganesan et 

al., 2018). In the current study, it was found that following DRTB treatment with 

kanamycin, more than half of the patients (51.5%) presented with a significant ototoxic 

shift meeting one or more of the ASHA criteria, with ototoxic shifts most often occurring 

at high frequencies. The finding of this study concurs with a recent hearing loss 

prevalence estimation, using ASHA criteria, of 49.7% following kanamycin use (Dillard 

et al., 2021). At the time of the baseline assessment, 51.5% of patients in the current 

study presented with one of more elevated hearing thresholds (> 25dB HL) in one or 

both ears across all frequencies; this increased to 66.5% (129/194) at the time of the 

exit assessment. In order to report on the severity of hearing loss following DRTB 
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treatment among the patients in this study, and to describe the functional 

consequences for communication associated with each category of severity, the 

prevalence of hearing loss severity was presented according to the revised WHO 

grades of hearing impairment. In the current study, following DRTB treatment with 

kanamycin, there was a notable increase in patients presenting with hearing loss 

meeting the moderate (4.9%), total (1.5%) and unilateral (9.8%) categories of hearing 

loss severity (Olusanya et al., 2019; WHO, 2021b). Patients with untreated moderate 

or unilateral hearing loss following DRTB treatment may experience difficulties hearing 

speech in the presence of background noise, while patients presenting with total 

hearing loss will be profoundly deaf, resulting in a devastating impact on the quality of 

life (WHO, 2021b). 

Patients in this study presented with a bilateral decline in hearing thresholds in all PTA 

groups, with the most pronounced deterioration at high frequencies at the time of the 

exit assessment. Drug-resistant TB treatment using kanamycin therefore had a 

negative effect on the hearing status of the patients in this study, with clinically and 

statistically significant deterioration of hearing thresholds, most markedly in the high 

frequencies. The findings of the current study, therefore, support the implementation 

of OMPs for DRTB patients who are administered aminoglycosides, particularly as the 

latest WHO DRTB treatment guidelines (WHO, 2020b) continue to include amikacin, 

which is known to be ototoxic. The occurrence of high-frequency hearing deterioration 

measured in this study further supports the recommendation (HPCSA, 2018) of the 

use of EHF audiometry for ototoxicity monitoring in DRTB patients, particularly for 

those most at risk for developing ototoxic hearing loss. Extended high-frequency 

audiometry, which assesses air conduction hearing thresholds above 8 kHz, is 

considered to be the most sensitive behavioural method for detecting early cochlear 

outer hair cell damage (Campbell & Le Prell, 2018; Harris, Peer, & Fagan, 2012; 

Petersen & Rogers, 2015) before it affects hearing functionality, and is therefore 

recommended for the monitoring of ototoxicity (HPCSA, 2018). There have been 

significant advances in point of care testing and mobile health technologies in hearing 

assessment (Garinis et al., 2021), which should be considered for ototoxicity 

monitoring in South Africa. In particular, the use of smartphone technology with 

automated EHF audiometry hearing assessment applications and cloud-based 
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capabilities for integrated data management should be considered for community-

based ototoxicity monitoring (Bornman, Swanepoel, De Jager, & Eikelboom, 2019; 

Eksteen et al., 2019; WHO, 2021b; Yousuf Hussein, Swanepoel, Mahomed, & Biagio 

de Jager, 2018). 

The limitations of this study included the absence of quality indicators for audiometry 

conducted by CHWs and PHC audiologists. In addition, the prevalence of adverse side 

effects experienced by patients was not established by testers at the time of exit 

assessment. Immittance measures were not included as part of OMP protocol, and 

therefore, the prevalence of ototoxic hearing loss may have been influenced by the 

inclusion of patients presenting with middle-ear disorders. Important data pertaining to 

patient description and treatment were at times not recorded by testers and were, 

therefore, unavailable for inclusion in this retrospective study, and thus, may have 

caused research bias. Researcher and analysis triangulation were applied to reduce 

the effects of research bias. The use of a non-probability sampling method may limit 

the generalisability of the results of this study. 

4.6 Conclusion 

The findings of this study support the employment of CHWs to facilitate community-

based ototoxicity monitoring of patients with DRTB. However, the findings reveal that 

over time, community-based OMPs for DRTB show gaps in service delivery practices, 

most notably in the frequency and timing of ototoxicity monitoring assessments. The 

possible reasons for this may highlight the need for ongoing training and supervision 

of CHWs using novel tools, such as smartphone technology and applications like 

WhatsApp. Drug-resistant TB treatment with kanamycin caused clinically and 

statistically significant deterioration of hearing thresholds in patients, most prominently 

at high frequencies. In this study, the patients co-infected with HIV, those with a pre-

existing hearing loss and those exposed to excessive noise were at higher risk for 

developing ototoxicity-induced hearing deterioration. Patients presenting with these 

conditions should be identified and prioritised by OMPs for more vigilant ototoxicity 

monitoring and all-oral treatment regimens. South African OMPs need support and 

novel approaches for community-based ototoxicity monitoring, with revision of the 

current recommendations to best suit the South African context. These may include 
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the widespread integration of ototoxicity monitoring services facilitated by CHWs into 

the existing decentralised, community-based PHC service delivery frameworks using 

a portable, automated technology with integrated data-sharing capabilities. 
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5.1 Abstract 

Purpose: To describe extended high-frequency (EHF) pure tone audiometry 

monitoring of ototoxicity in a longitudinal treatment program for drug-resistant 

tuberculosis (DRTB). 

Method: This was a retrospective record review of longitudinal conventional (0.25–8 

kHz) and EHF (9–16 kHz) audiometry for ototoxicity monitoring of DRTB patients 

undergoing treatment at community-based clinics between 2013 and 2017. Data from 

69 patients with an average age of 37.9 years (SD = 11.2; range = 16.0 to 63.8 years) 

were included. Patients were assessed by primary health care (PHC) audiologists 

(87%) or community health care workers (CHWs) (13%) using portable audiological 

equipment. The average length of time between initial and exit assessments was 84.6 

days (SD = 74.2; range = 2 to 335 days). 

Results: EHF ototoxicity of a mild or greater degree of hearing loss (> 25 dB HL in one 

or both ears across frequencies) was evident in 85.5% of patients’ post-treatment, 

compared to 47.8% of patients across conventional frequencies. EHF audiometry 
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demonstrated an ototoxic shift (ASHA criteria) in 56.5% of cases compared to 31.9% 

when only conventional audiometry was considered. Mean hearing deterioration for 

patients was significant across EHFs (9–16 kHz) bilaterally (p < 0.05). Absent EHF 

thresholds at the initial assessment, owing to maximum output limits, was a limitation 

that occurred most frequently at 16 kHz (17.4%; 24/138). 

Conclusion: EHF audiometry is most sensitive for the early detection of ototoxicity 

and should be included in monitoring programs. Clinical ototoxicity monitoring 

protocols should consider shortened assessment approaches that target frequencies 

most sensitive to ototoxicity, including EHF.  

5.2 Introduction 

A plethora of drugs are known to cause ototoxicity (Lanvers-Kaminsky et al., 2017; 

Watts, 2019), resulting in damage to the cochlear or vestibular system of the inner ear, 

or both (Rizk et al., 2020), depending on their dosage, duration and route of 

administration (Lanvers-Kaminsky et al., 2017; Steyger, 2011). Cochleotoxicity 

typically results in tinnitus and/or hearing loss, while vestibulotoxicity causes 

impairment of coordination, such as dizziness, balance and vertigo (Rizk et al., 2020). 

The drug classes commonly associated with ototoxicity include aminoglycoside 

antibiotics, typically used in the treatment of bacterial and mycobacterial infections 

(Kros & Steyger, 2019; Lanvers-Kaminsky et al., 2017; Steyger, 2021a), and platinum-

based chemotherapies, used in the treatment of cancers (Campbell & Le Prell, 2018; 

Lanvers-Kaminsky et al., 2017).  

Ototoxic medications can cause vestibular and cochlear damage via several 

mechanisms (Rizk et al., 2020). Damage caused to the cochlea (Meiyan et al., 2017; 

Steyger, 2021a), resulting in permanent ototoxic hearing loss, typically progresses 

from the  high to low frequency ranges of hearing sensitivity (Blankenship et al., 2021; 

Ganesan et al., 2018; Ghafari et al., 2020; Steyger, 2021a). Both platinum-based 

chemotherapeutic agents and aminoglycosides initially affect outer hair cells at the 

basal, high frequency region of the cochlea, resulting in high frequency hearing loss 

(Campbell & Le Prell, 2018; Ganesan et al., 2018; Meiyan et al., 2017; Rizk et al., 

2020; Steyger, 2021a). Outer hair cell damage progresses to the lower frequencies of 
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the apical region of the cochlea with continued ototoxic drug exposure, eventually 

leading to inner hair cell death (Campbell & Le Prell, 2018; Ganesan et al., 2018; 

Meiyan et al., 2017; Rizk et al., 2020; Steyger, 2021a). 

Monitoring the hearing of patients undergoing ototoxic treatment is a necessary 

precaution to preserve hearing and to mitigate the negative impact of hearing loss 

(Campbell & Le Prell, 2018; Ganesan et al., 2018; Prendergast et al., 2020; Watts, 

2019). Serial ototoxicity monitoring detects changes in hearing for the purpose of early 

identification, prevention and treatment of hearing loss (American Academy of 

Audiology [AAA], 2009; American Speech-Language-Hearing Association [ASHA], 

1994; Health Professions Council of South Africa [HPCSA], 2018). The detection of 

ototoxic shifts in hearing allows clinicians to adjust treatment regimens, or substitute 

treatment with an all-oral regimen, which is less toxic and more effective (Khoza-

Shangase & Prodromos, 2021; Lange, Aarnoutse, et al., 2019; Lange, Dheda, et al., 

2019; Lanvers-Kaminsky et al., 2017; Van Deun et al., 2020; Watts, 2019). The basic 

test battery for detecting ototoxic hearing loss includes the use of conventional 

behavioural pure tone audiometry where air conduction hearing thresholds of the 

frequencies 0.25–8 kHz are assessed (Campbell & Le Prell, 2018; Ganesan et al., 

2018).  

Extended high-frequency (EHF) pure tone audiometry, assessing hearing above 8 

kHz, is a sensitive behavioural method for detecting early cochlear outer hair cell 

damage (Campbell & Le Prell, 2018; Ganesan et al., 2018; Harris, Peer, et al., 2012). 

EHF audiometry has been recommended for ototoxicity monitoring in patients 

receiving potentially ototoxic drugs, such as aminoglycosides and platinum-based 

chemotherapy, for the treatment of illnesses such as tuberculosis, cancer and cystic 

fibrosis (AAA, 2009; ASHA, 1994; Caumo et al., 2017; HPCSA, 2018). Despite 

recommendations for using EHF audiometry, it is still not routinely employed for 

ototoxicity monitoring (Blankenship et al., 2021; Ganesan et al., 2018). The lack of 

routine EHF audiometry use has been attributed to, amongst others, time constraints 

and limited audiological equipment resources (Blankenship et al., 2021; Campbell & 

Le Prell, 2018). A key limitation of EHF audiometry is that it may be impractical because 

of the additional time needed for an assessment (Ganesan et al., 2018). Patients in 
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need of ototoxic medications are often ill and fatigued, and completing valid 

behavioural testing may be challenging and time consuming for them (Rieke et al., 

2017). In addition, the possibility of absent hearing thresholds in the EHF range of 

hearing, equipment output limitations, and the choice of which EHFs to assess are 

challenges faced by testers when using EHF audiometry in clinical settings 

(Prendergast et al., 2020; Wang et al., 2021).  

Drug-resistant tuberculosis (DRTB), which occurs when tuberculosis-causing bacteria 

become resistant to the drugs used to treat tuberculosis, is a widespread condition with 

ototoxic treatment regimens (Centres for Disease Control and Prevention (CDC) 

[CDC], 2016). Half a million people developed DRTB globally in 2019, with the 

incidence remaining stable in 2021 (World Health Organisation [WHO], 2020b, 2021a). 

China, India and the Russian Federation account for approximately half the global 

burden of DRTB (WHO, 2020b). Up to 2018, before the release of the updated DRTB 

treatment regimen guidelines (Department Health Republic of South Africa [DOH],  

2018; WHO, 2020c), the treatment regimen for DRTB patients included the use of 

aminoglycosides (DOH, 2018). The latest WHO DRTB treatment guidelines (WHO, 

2020c) have now recommended the use of less toxic, more efficient all-oral DRTB 

treatment regimens. Access to these newer drugs is, however, very limited in some 

countries (Lange, Aarnoutse, et al., 2019). Almost half (46%; 17/37) of the high-burden 

TB countries recently surveyed reported still using injectable aminoglycosides in the 

treatment of DRTB (MSF, 2020b), resulting in the continued risk of ototoxicity and the 

need for ototoxicity monitoring for these patients. 

Limited studies have reported using EHF audiometry for DRTB ototoxicity monitoring 

(Appana et al., 2016; Ghafari et al., 2020; Hong et al., 2020a). In instances where 

ototoxicity monitoring of DRTB patients employed EHF audiometry, a high prevalence 

of ototoxic hearing loss (74 to 100%) was reported (Appana et al., 2016; Ghafari et al., 

2020; Hong et al., 2020a). Owing to the limited use of EHF audiometry and the 

application of various criteria to define ototoxicity, the prevalence of aminoglycoside-

induced EHF hearing loss, and the subsequent value of EHF audiometry to identify 

early changes in hearing remains unclear (Ganesan et al., 2018; Steyger, 2021a). 

Additional insights into cochleotoxicity can be garnered from widespread ototoxicity 
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monitoring with improved, data-driven measures of hearing loss, including EHF 

audiometry (Steyger, 2021a, 2021b). This study therefore aimed to describe 

longitudinal monitoring of ototoxicity with EHF audiometry in patients receiving 

aminoglycoside treatment for DRTB.  

5.3 Method 

This retrospective record review aimed to describe EHF audiometry monitoring of 

ototoxicity for DRTB treatment with EHF audiometry, and the prevalence of ototoxic 

hearing loss observed in this population. The study was part of a larger longitudinal, 

retrospective descriptive study of a decentralised community-based ototoxicity 

monitoring program (OMP) for patients with DRTB, using conventional and EHF 

audiometry facilitated by community health workers (CHWs) and primary health care 

(PHC) audiologists between 2013 and 2017 (Stevenson et al., 2021). The objective of 

the larger study was to compare the OMP service delivery practices with the 

international (AAA, 2009; ASHA, 1994) and national (HPCSA, 2018) recommended 

guidelines for ototoxicity monitoring to improve services and to guide future OMP 

implementations. Quantitative data  was collected at community-based community 

health centres and primary health care (PHC) clinics in two sub-districts of the City of 

Cape Town, South Africa, namely the Mitchells Plain/Klipfontein and the 

Western/Southern sub-districts and made available to the authors of this study only.   

The study was approved by the Institutional Review Board (or Ethics Committee) of 

the University of Pretoria (GW20161128HS; 63/2017), the City of Cape Town (7788) 

and the Western Cape Department of Health (WC_2017RP22_896).  

5.3.1 Participants 

This study included patients from the larger study who met the following selection 

criteria: 1) tested using both conventional (0.25, 0.5, 1, 2, 4, 6 and 8 kHz) and EHF (9, 

11.2, 12.5, 14, and 16 kHz) behavioural pure tone audiometry; 2) had an initial 

assessment conducted, and one or more follow-up monitoring assessments conducted 

thereafter; 3) EHF audiometry was used for both the initial and exit assessments. Non-

probability purposive sampling was used to select all patients with DRTB, regardless 
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of age, gender or hearing status. Of the 831 patients included in the parent study, 69 

patients met the selection criteria and were eligible for inclusion in this study (Figure 

5.1). The patient interviews and ototoxicity monitoring assessments were conducted 

by six CHWs and two PHC audiologists who were the testers at 19 PHC clinics and 

community health centres. In 2012, the Western Cape Department of Health initiated 

a pilot project where 30 CHWs underwent upskill training to become members of the 

PHC team (Gamiet & Rowe, 2019). The CHWs were trained for community-based 

rehabilitation to support people with disabilities in two underserved communities of the 

Western Cape (DOH, 2018; Gamiet & Rowe, 2019). These CHWs were also trained to 

facilitate ototoxicity monitoring for DRTB in community-based settings. 

5.3.2 Data Collection Procedures 

The data collection procedure for this study was the same as that of the larger study 

(Stevenson et al., 2021) from which the patient sample was obtained. At the time of 

data collection, patients receiving the standardised DRTB treatment regimen stipulated 

by the South African Department of Health would have been administered second-line 

drugs, including injectable aminoglycosides (DOH, 2013). Patients undergoing DRTB 

treatment visited a PHC clinic or community health centre daily for the first six months 

of treatment to receive their medication from a nurse. After the initial six-month 

treatment period, medication was continued for 18 months with patients visiting a 

clinic/centre weekly to obtain their medication, and monthly to consult with their 

managing doctor. All patients who received ototoxic medication for treatment of DRTB 

were referred by their managing doctor and included in the OMP as part of the package 

of care.  

At the time of data collection OMP developers relied on the international guidelines of 

the American Speech-Language-Hearing Association (ASHA) (ASHA, 1994) and the 

American Academy of Audiology (AAA) (AAA, 2009) when developing the OMP 

procedure protocol. An unpublished draft of the Health Professions Council of South 

Africa’s (HPCSA) national ototoxicity monitoring guideline was, however, available to 

the OMP developers. OMP developers made adaptions to the recommendations of the 

international and national guidelines for the timing and frequency of ototoxicity 

monitoring assessments, to suit the context and resources available to the OMP. 
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Testers travelled with portable audiological equipment to the clinics/centres in each 

sub-district to conduct ototoxicity monitoring assessments. PHC audiologists and 

CHWs were testers in the Michell’s Plain/Klipfontein sub-district whereas only PHC 

audiologists were testers in the Western/Southern sub-district. The protocol followed 

by the OMP for audiological ototoxicity monitoring assessments at the time of data 

collection was as follows: At the time of a patient’s initial assessment a case history 

intake interview was conducted by the CHW or PHC audiologist who manually 

recorded patient information on a paper-based data collection form. During the 

interview, information was obtained from the patient’s medical records in a clinic file 

and/or verbally reported by the patient to the CHW or PHC audiologist.  Identifying 

information including the patient’s name, date of birth and gender was recorded on the 

data collection form. CHWs and PHC audiologists also completed a checklist on the 

data collection form indicating patients’ HIV status, DRTB medication/s and risk factors 

for ototoxic hearing loss, such as exposure to excessive noise and pre-existing hearing 

loss. Excessive noise exposure was defined by the OMP as exposure to noise with an 

intensity of ≥ 85 dBA (A-weighted decibels) for a duration of eight hours or longer 

(DOH, 2001). Initial and monitoring assessments included bilateral otoscopy, 

conventional behavioural pure tone audiometry and EHF audiometry (0.25, 0.5, 1, 2, 

4, 6, 8, 9, 11.2, 12.5, 14 and 16 kHz). If pathology was suspected following otoscopy, 

the patient was referred to the managing doctor or nurse for appropriate treatment, and 

referred for audiometry, according to the OMP protocol. Initial assessments were 

conducted prior to, on the same day, or within two weeks of the DRTB treatment 

initiation, while monitoring assessments were conducted once a month during the initial 

six-month treatment regimen, and then at three, six, and 18 month intervals thereafter. 

The presence of an ototoxic shift was determined according to the three criteria 

developed by ASHA (1994), the most widely used and validated criteria (AAA, 2009), 

where a change in hearing thresholds was determined relative to the hearing 

thresholds obtained during the initial assessment. The criteria to indicate hearing 

decrease for ototoxicity monitoring were defined as: ≥ 20 dB HL pure tone threshold 

decrease at any one test frequency; ≥ 10 dB HL pure tone threshold decrease at any 

two adjacent test frequencies; no response at three consecutive test frequencies 

where pure tone threshold responses were previously obtained. Changes were 

confirmed by repeat testing.  Where an ototoxic shift meeting the criteria (ASHA, 1994) 
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was evident, the managing doctor was informed, and monitoring assessments were 

then conducted every two weeks until no change in hearing thresholds was detected. 

Assessments were conducted in a quiet environment using the KUDUwave audiometer 

(eMoyo, Johannesburg, South Africa) employing insert earphones covered by noise-

reducing circumaural earcups. Typically, automated testing would have been done 

applying the Hughson-Westlake procedure (ISO 8253-1), automatic standard 

ascending and shortened and standard bracketing; however, a manual mode of 

threshold determination, using the modified method of limits test paradigm (Stach & 

Ramachandran, 2017),  may also have been selected by PHC audiologists in some 

instances. The maximum audiometer output limits across EHFs were 90 dB at 6 kHz; 

80 dB at 8, 9 and 12.5 kHz; 75 dB at 11.2 kHz; 65 dB at 14 kHz and 45 dB at 16 kHz. 

Each patient’s descriptive (gender, audiological symptoms, treatment regimen), 

audiological data and risk factors for ototoxicity (history of exposure to excessive noise, 

pre-existing hearing loss and DRTB and HIV coinfection) were recorded manually by 

the testers on data collection forms and stored in the patient’s clinic file. A copy of each 

patient’s data collection form was kept with the tester and regularly made available to 

the managing PHC audiologist responsible for each sub-district for review. Upon 

completion of a patient’s DRTB treatment and ototoxicity monitoring, the data collection 

form was stored permanently with the PHC audiologist responsible for each sub-

district. The researchers requested the hardcopies of the patients’ data collection forms 

from the managing PHC audiologists in each sub-district for anonymised data 

capturing and analysis. 

5.3.3 Data analysis 

This study aimed to describe longitudinal monitoring of ototoxicity with EHF audiometry 

in patients receiving aminoglycosides for DRTB treatment by determining the 

sensitivity of EHF audiometry for the early detection of ototoxicity. Therefore, a 

statistical analysis plan was defined prior to data analysis describing which variables, 

outcomes and statistical analysis methods would be included in the study to achieve 

the aim (Yuan et al., 2019) and how missing data would be handled. Statistical analysis 

models used a within subject comparison of longitudinal hearing deterioration 

(dependant variables) when considering conventional and EHFs (independent 
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variables). Data were imported from Excel into Statistical Package for Social Sciences 

(SPSS) software (version 27) after which descriptive statistics such as frequency 

distributions, measures of central tendency, and measures of variability were used to 

present and interpret the data in a meaningful way. Since all the continuous scale data 

differed significantly from normal distribution (Shapiro-Wilk p-values < 0.05), 

nonparametric tests were used (Field, 2018). The Wilcoxon signed-rank (Z) test was 

used to determine whether there were significant differences between dependent 

groups (initial and exit audiometric assessment and left and right ears).  

Some hearing thresholds could not be obtained for initial and exit assessments owing 

to the maximum equipment output limits being reached. In these cases, analysis 

included only instances where thresholds were present at initial assessment. Where 

exit assessment thresholds were unobtainable because of the maximum output limits 

being reached, corrections were made by replacing absent values with the maximum 

output limit plus one intensity increment (viz. 5 dB).  

Some descriptive data (gender and medication type) were missing as this was not 

recorded on the data collection forms by the CHWs and PHC audiologists and was 

therefore unavailable to the researchers for inclusion in this retrospective study. For 

some patients, hearing thresholds were not measured by the CHWs and PHC 

audiologists, most frequently occurring at the low frequencies (0.25 and 0.5 kHz) of the 

exit assessments. The pairwise deletion method for handling missing data was used 

instead of the listwise deletion method because the latter leads to a smaller sample 

size and lower statistical power, as the entire record is excluded from analysis if a 

single value is missing (Raaijmakers, 1999). 

5.4 Results 

5.4.1 Participants  

Of the 831 patients included in the parent study, 71 met the selection criteria and were 

eligible for inclusion. Two patients with results indicating technical or procedural issues 

related to their initial assessments were excluded. The final analytic sample included 
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69 patients (Figure 5.1) with a mean age of 37.9 years (SD = 11.2; range = 16.0 to 

63.8 years) (Table 5.1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EHF, extended high-frequency; kHz, kilohertz 

Figure 5.1 The ototoxicity monitoring program’s application of EHF audiometry and the study patient 
selection procedure 
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Table 5.1 Patient description at the time of the initial assessment (n = 69) 

 % n 

Gender 

Not recorded 27.5 19 

Male 43.5 30 

Female 29.0 20 

Risk factor for ototoxicity 

DRTB and HIV coinfection 17.4 12 

Noise exposure 10.1 7 

Audiological self-reported symptoms 

Tinnitus 13.0 9 

Otalgia 2.9 2 

Hearing loss 5.8 4 

Tester 

CHW 13.0 9 

PHC audiologist 87.0 60 

DRTB, drug-resistant tuberculosis; HIV, human immunodeficiency; CHW, community health worker; PHC, primary 
health care. 

At the time of the initial assessment, 17.4% (12/69) of patients reported DRTB and HIV 

co-infection, 10.1% (7/69) reported a history of excessive noise exposure, and 13.0% 

(9/69) reported experiencing tinnitus. Gender (27.5%; 19/69) and medication type 

(47.8%; 33/69) administered were not recorded on the data collection forms by some 

testers. Of the 36 patients with a medication type recorded on their data collection 

form, 100%were administered kanamycin. Of the 36/69 patients who had a medication 

type recorded, 30/36 also had a treatment initiation date and initial assessment date 

recorded, allowing the determination of treatment duration at the time of the initial 

assessment. Initial assessments were conducted on average 40.3 days (SD = 70.9; 

range = 0 to 301 days) after treatment initiation, with just one patient having an initial 

assessment conducted on the same day as treatment initiation. The average length of 

time between initial and exit assessments was 84.6 days (SD = 74.2; range = 2 to 335 

days). 
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5.4.2 Ototoxicity characteristics 

In the current study, hearing loss was defined as one or more hearing threshold > 25 

dB HL in one or both ears across conventional frequencies (0.25–8 kHz) and EHFs 

(0.25–16 kHz)  (ASHA, 2022; Stach & Ramachandran, 2017). At the initial assessment, 

36.2% (25/69) of patients presented with a hearing loss in one or more frequency in 

the conventional range (0.25–8 kHz) compared to 65.2% (45/69) of patients when also 

considering EHF thresholds (0.25–16 kHz). Hearing loss in patients at the time of the 

exit assessment increased to 47.8% (33/69) considering only conventional frequencies 

compared to 85.5% (59/69) when EHFs were also considered. Some hearing 

thresholds could not be determined for initial and exit assessments because of the 

maximum equipment output limits reached (Table 5.2). 

Table 5.2 Absent hearing thresholds for pure tone audiometry owing to maximum audiometer output 
limits across frequencies (left and right ears combined; n = 138) 

Frequency kHz* 

and maximum 

output (dB) 

6 

(90) 

8 

(80) 

9 

(80) 

11.2 

(75) 

12.5 

(80) 

14 

(65) 

16 

(45) 

Initial test % (n) 0.7 (1) 1.4 (2) 0.7 (1) 2.2 (3) 3.6 (5) 3.6 (5) 17.4 (24) 

Exit test % (n) 0.7 (1) 1.4 (2) 7.2 (10) 3.6 (5) 7.2 (10) 10.1 (14) 23.2 (32) 

*Absent thresholds owing to the maximum output limits only recorded for frequencies above 4 kHz. 

kHz, Kilohertz; dB, decibel. 

 

The distribution of initial and exit assessment hearing thresholds and longitudinal 

changes in hearing for the patients are presented in Figure 5.2 (Table 5.5 of 

supplementary material). On average, a decline in hearing thresholds from the initial 

to exit assessment was evident across all frequencies in both ears, with the 

deterioration most pronounced in the EHF range (Figure 5.2). The mean deterioration 

was statistically significant at EHF thresholds of the left (11.2, 12.5, 14 and 16; p = 

0.000 to 0.005; Z = -4.947 to -2.801) and the right ears (9, 11.2, 12.5, 14 and 16 kHz; 

p = 0.000 to 0.007; Z = -4.705 to -2.711). Patients’ mean hearing thresholds at the 

initial assessment were compared to the mean hearing thresholds at the exit 

assessment according to various pure tone averages (PTA) (Table 5.3). Hearing 

deterioration was evident across all PTA groups in both ears; however, deterioration 
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was most pronounced in the EHF PTA group in both ears (Table 5.3 and Figure 5.3). 

Results indicated significant deterioration in the mean EHF PTA for the left (p = 0.000; 

Z = -4.160) and right (p = 0.000; Z = -4.546) ears.  

 

* statistical significance of p < 0.05 

Figure 5.2 Mean hearing thresholds and deterioration (error bars = standard error) of the left (panel A) 
and right (panel B) ears from initial to exit assessment (n = 69) 

 

There was no significant deterioration in hearing thresholds for frequencies below 9 

kHz in the right ear (p = 0.153 to 0.913; Z = -0.077 to -1.54), or for frequencies below 

11.2 kHz in the left ear (p = 0.124 to 0.939; Z = -1.918 to -0.049). In addition, there was 

no significant deterioration in the mean PTA of the overall low frequency, mid 

frequency, or high frequency PTA groups for the left (p = 0.305 to 0.832; Z = -0.212 to 

-1.025) or right ears (p = 0.120 to 0.623; Z = -0.491 to -1.556). No statistically significant 

difference in the mean hearing threshold deterioration (p = 0.055 to 0.961; Z = -1.918 

to -0.049) or mean PTA deterioration (p = 0.209 to 0.534; Z = -1.256 to 0.622) was 

found between the left and right ears. 
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Table 5.3 Mean pure tone averages and hearing deterioration across ears (n = 69) 

Frequency (kHz) 
Overall PTA 

(0.5 – 4) 

LF PTA 

(0.25 – 0.5) 

MF PTA 

(1 – 2) 

HF PTA 

(3 – 8) 

EHF PTA 

(9 – 16) 

Left ear 

Mean initial dB (SD) 18.0 (11.6) 19.5 (11.0) 18.7 (12.0) 16.6 (15.5) 24.9 (21.7) 

n 69 62 69 69 68 

Mean exit dB (SD) 18.3 (12.9) 21.2 (11.2) 19.6 (12.9) 19.2 (21.4) 38.2 (23.1) 

n 69 37 69 69 69 

Mean deterioration dB (SD) -0.7 (7.9) -1.5 (11.7) -1.0 (8.1) -1.6 (15.0) -11.9 (22.9) * 

n 69 36 69 69 67 

Right ear 

Mean initial dB (SD) 18.0 (12.7) 18.5 (10.2) 18.4 (13.3) 17.0 (18.3) 23.8 (19.7) 

n 69 63 69 69 69 

Mean exit dB (SD) 17.9 (13.4) 21.0 (10.0) 18.7 (13.8) 19.9 (21.4) 38.0 (23.3) 

n 69 37 69 69 69 

Mean deterioration dB (SD) -0.3 (9.2) -2.8 (10.4) -0.3 (10.1) -2.6 (14.7) -13.0 (23.0) * 

n 69 36 69 69 69 

kHz, kilohertz; PTA, pure tone average; LF PTA, low frequency pure tone average; MF PTA, mid frequency pure 
tone average; HF PTA, high frequency pure tone average; EHF PTA, extended high-frequency pure tone average; 
dB, decibel; SD, standard deviation. 

* statistical significance of p < 0.05 

 

HF, high frequency; MF, mid frequency; LF, low frequency; EHF, extended high-frequency; LE, left ear; RE, right 
ear.  

Figure 5.3 Mean initial and exit assessment pure tone averages of the left and right ears (n = 69) (error 
bars = standard error)  
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The presence of an ototoxic shift was determined according to the three criteria 

developed by ASHA (1994), as indicated in Table 5.4. Including EHF thresholds 

resulted in more than half the patients (56.5%; 39/69) presenting with a significant 

ototoxic shift meeting one or more of the ASHA criteria, compared to 31.9% (22/69) if 

EHFs were not considered (Table 5.4). There was no significant difference in ototoxic 

shifts (meeting one or more of the ASHA criteria) between the left and right ears 

(conventional audiometry: p = 0.237, Z = -1.182; EHF audiometry: p = 0.785, Z = -

0.272).  

 

Table 5.4 Distribution of patients presenting with an ototoxic shift according to ASHA criteria when 

considering conventional and EHF pure tone audiometry at the exit assessment (ASHA, 1994) (n = 69) 

ASHA ototoxic shift criteria 
No ototoxic shift 

evident 

ASHA  

Group 1 

ASHA 

Group 2 

ASHA 

Group 3 

Conventional audiometry (0.25–8 kHz) * 

Patients % (n/69) 68.1 (47) 29.0 (20) 21.7 (15) 0.0 (0) 

Left ear % (n/69) 75.4 (52) 23.2 (16) 18.8 (13) 1.4 (1) 

Right ear % (n/69) 78.3 (54) 20.3 (14) 14.5 (10) 0.0 (0) 

Bilateral (Left and right) % (n/69) 84.1 (58) 14.5 (10) 11.6 (8) 0.0 (0) 

EHF audiometry (0.25–16 kHz) ** 

Patients % (n/69) 43.5 (30) 52.2 (36) 52.2 (36) 15.9 (11) 

Left ear % (n/69) 47.8 (33) 47.8 (33) 47.8 (33) 11.6 (8) 

Right ear % (n/69) 50.7 (35) 49.3 (34) 49.3 (34) 5.8 (4) 

Bilateral (Left and right) % (n/69) 55.1 (38) 44.9 (31) 44.9 (31) 1.4 (1) 

ASHA, American Speech-Language-Hearing Association; ASHA Group 1, shift of ≥20 dB at a single frequency; 
ASHA Group 2, shift of ≥10 dB at two adjacent frequencies; ASHA Group 3, shift to ‘no response’ at three 
consecutive frequencies; kHz, kilohertz; EHF, extended high-frequency. 

* 22/69 (31.9%) patients presented with an ototoxic shift which may have met one or more ASHA criteria: 11.6% 
(8) met one ASHA criterion, 20.3% (14) met two ASHA criteria and 0.0% (0) met three ASHA criteria. 

** 39/69 (56.5%) patients presented with an ototoxic shift which may have met one or more ASHA criteria: 5.8% (4) 
met one ASHA criterion, 37.7% (26) met two ASHA criteria and 13.0% (9) met three ASHA criteria. 
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5.5 Discussion 

When EHFs were included in data analysis in the present study, the prevalence of 

patients (56.5%) presenting with an ototoxic shift meeting one or more of the ASHA 

criteria was almost twice as high as when EHF were not considered (31.9%). The mean 

hearing threshold deterioration from initial to exit assessment in the present study was 

significant only at EHFs from 9-16 kHz for the right and 11.2-16 kHz for the left ears. 

Furthermore, following treatment, mean PTA deterioration was significant only in the 

EHF PTA range (9-16 kHz) for the right and left ears. This suggests that EHF 

audiometry may be more sensitive for early detection of aminoglycoside induced 

deterioration than conventional audiometry. The early detection of ototoxic hearing loss 

through the use of EHF audiometry may offer medical professionals the opportunity to 

adjust treatment regimens, or to substitute ototoxic drugs with non-ototoxic drugs 

where suitable, before hearing loss becomes disabling to the patient (Konrad-Martin 

et al., 2018). In cases where alteration of treatment regimens is not possible, early 

detection of ototoxic hearing loss using EHFs allows proactive counselling of patients 

on the expected impact of progressive hearing loss on activities of daily living, and 

timeous referral for aural rehabilitation (Konrad-Martin et al., 2018). 

In this study, the occurrence of ototoxic shifts according to ASHA criteria (56.5%) after 

aminoglycoside treatment was lower than that of previous reports, where 82.4  to 100% 

(Appana et al., 2016; Ghafari et al., 2020) of DRTB patients assessed using EHF 

audiometry developed an ototoxic shift according to ASHA criteria following kanamycin 

treatment. A possible reason for the higher occurrence of ototoxic shifts reported by 

Appana et al. (2016) and Ghafari et al. (2020) is that 94% and 63.7% of their patients 

presented with DRTB and HIV co-infection respectively, compared to the 17.4% of 

patients in the current study. DRTB with HIV co-infection is an additive risk factor for 

the development of an aminoglycoside-induced hearing loss for patients with DRTB 

(Harris, De Jong, et al., 2012; Hong et al., 2018; Stevenson et al., 2021).  

There was a high prevalence of pre-existing hearing loss (one or more hearing 

threshold > 25 dB in one or both ears across all frequencies [0.25-16 kHz]) in this study 

with more than half (65.2%) of patients presenting with a pre-existing hearing loss at 

the time of the initial assessment. These results are consistent with previous findings 
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(Hong et al., 2020b; Stevenson et al., 2021) indicating some degree of pre-existing 

hearing loss prior to treatment in DRTB patients in South Africa. The pre-existing 

hearing loss prevalence in the current study may also have been exacerbated by the 

timing of initial assessments, where patients were assessed for the first time on 

average 40.3 days after treatment initiation, which was a limitation of the study. This is 

contrary to the ototoxicity monitoring guidelines recommending that initial assessments 

should be conducted prior to, or within three days of treatment initiation (AAA, 2009; 

ASHA, 1994; HPCSA, 2018). Kanamycin-induced hearing deterioration can occur as 

soon as one week after treatment initiation (Sogebi et al., 2021) and some patients 

who are more susceptible to ototoxicity can present with ototoxic damage after a single 

aminoglycoside injection (Huth et al., 2011). Therefore, it is possible that ototoxic shifts 

meeting one or more of the ASHA criteria may well have been present in more than 

56.5% of patients reported in the current study, had initial assessments been 

completed at or prior to treatment initiation. 

Recommendations (AAA, 2009; ASHA, 1994; HPCSA, 2018) for the inclusion of EHFs 

in ototoxicity monitoring are supported by the study findings but important 

considerations must be taken in to account. The limitation of test intensity ranges for 

EHF audiometry can restrict its usefulness in ototoxicity monitoring (Prendergast et al., 

2020). When assessing individuals above the age of 30 to 40 years, the likelihood of 

observing no measurable hearing at 16 kHz and above increases dramatically and so 

the value of EHF audiometry to monitor hearing becomes reduced (Prendergast et al., 

2020; Wang et al., 2021). In addition, any history of pre-existing hearing loss may limit 

the value of EHF audiometry (AAA, 2009). In the current study, where patients had an 

average age of 37.9 years and the prevalence of possible pre-existing hearing loss 

was high (65.2%), absent EHF thresholds owing to maximum intensity constraints 

were most pertinent at 16 kHz, with 17.4% of patient thresholds absent at the time of 

the initial assessment. However, missing data points were much less prevalent (0.7 to 

3.6%) in frequencies below 16 kHz. The use of EHF audiometry will also significantly 

increase the time required to conduct an assessment, which may be impractical for 

patients who are likely to be ill and who are easily fatigued (Konrad-Martin et al., 2005). 

One way to reduce test time when EHF audiometry is included is to consider an 

optimized approach by testing only a selected group of frequencies that are most likely 
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to be sensitive to ototoxicity (Rieke et al., 2017). Results of the current study indicate 

that hearing deterioration was most prevalent at 6, 8, 9, 11.2, 12.5, 14 and 16 kHz, 

which suggests that these frequencies may be most sensitive to identifying 

deterioration. Since 16 kHz had the highest prevalence of absent thresholds at initial 

assessment, this frequency may need to be excluded from an optimised protocol. A 

shortened method of assessing EHF hearing, such as the sensitive range for 

ototoxicity (Fausti et al., 1992, 1999; Ganesan et al., 2018), or the fixed-level frequency 

threshold method by Rieke et al. (2017) should also be evaluated for their potential 

efficiency and efficacy (Prendergast et al., 2020; Rieke et al., 2017). Distortion product 

otoacoustic emission testing could be considered as an ototoxicity monitoring 

assessment tool, as it offers a quick, reliable, cost-effective method to detect initial 

cochlear ototoxic changes before they are able to be detected by conventional 

audiometry (Ganesan et al., 2018). 

There have been significant advances in point-of-care testing and mobile health 

technologies in hearing assessment (Garinis et al., 2021), which could also serve to 

improve the accessibility and efficiency of EHF ototoxicity monitoring. The use of 

mobile smartphone-based EHF audiometry with calibrated headphones has recently 

been demonstrated to be a reliable method for accurate measurement of EHF hearing 

thresholds (Bornman et al., 2019). In addition, decentralised community-based DRTB 

ototoxicity monitoring, using portable technology facilitated by nonprofessional hearing 

health care providers (e.g. CHWs) has been demonstrated to be a promising service 

model at infectious disease clinics and PHC settings (Brittz et al., 2019; Stevenson et 

al., 2021).   

Limitations of this study included a limited number of patients from the larger study 

cohort and the absence of measured noise levels in the test environments to confirm 

the reliability of testing. Ototoxicity monitoring outside a soundproof booth requires 

attenuation and monitoring of ambient noise levels to ensure the accurate 

measurement of hearing thresholds (Swanepoel et al., 2013). An additional limitation 

of this study was the timing of initial assessments after medication initiation. Timing of 

initial assessments exceeded recommended guidelines (AAA, 2009; ASHA, 1994; 

HPCSA, 2018) and may have contributed to the prevalence of pre-existing hearing 
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loss, the mean hearing threshold deterioration values and ototoxic shifts meeting 

ASHA (1994) criteria which were reported in this study. Future research utilising a 

prospective study design would address these limitations. 

5.6 Conclusion 

Findings of this study suggest that EHF audiometry may be more sensitive for early 

detection of aminoglycoside induced hearing deterioration than conventional 

audiometry. In cases of ototoxicity monitoring, such as in DRTB treatment, assessment 

of EHFs should be considered to ensure the best sensitivity to early changes in 

hearing. Clinical ototoxicity monitoring protocols must consider shortened assessment 

approaches that target frequencies most sensitive to ototoxicity, including EHF, to 

optimise time-efficiency in patient groups who are often sick.  
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5.8 Supplementary material 

Table 5.5 Mean hearing thresholds for initial and exit assessment with hearing deterioration across ears 
(n = 69) 

Frequency 

(kHz) 

0.25 0.5 1 2 4 6 8 9 11.2 12.5 14 16 

Left ear 

Mean initial 

dB (SD) 

18.7  

(10.1) 

20.3 

(13.4) 

19.6 

(12.6) 

17.9 

(12.6) 

14.4 

(14.3) 

13.5 

(16.6) 

19.3 

(18.1) 

21.6 

(22.2) 

21.4 

(21.1) 

23.8 

(23.5) 

25.5 

(24.0) 

19.2 

(21.6) 

n 62 62 69 68 69 57 67 63 65 60 64 57 

Mean exit dB 

(SD) 

19.1  

(9.7) 

23.4 

(14.4) 

20.6 

(13.6) 

18.7 

(14.0) 

14.9 

(18.1) 

28.2 

(32.8) 

23.3 

(26.0) 

26.3 

(26.6) 

33.3 

(28.3) 

39.7 

(28.0) 

45.6 

(26.5) 

44.8 

(19.9) 

n 37 37 69 69 69 22 69 62 69 61 69 69 

Mean 

deterioration 

dB (SD) 

-0.6  

(13.5) 

-2.5 

(11.0) 

-1.0 

(9.3) 

-0.8 

(8.5) 

-0.5 

(12.7) 

-8.6 

(26.4) 

-2.5 

(19.3) 

-4.3 

(19.5) 

-9.2 

(24.6)

* 

-15.9 

(28 0) 

* 

-18.6 

(28.4) 

* 

-22.0 

(25.3) 

* 

Right ear 

Mean initial 

dB (SD) 

17.1 

(10.3) 

19.8 

(11.3) 

20.4 

(13.6) 

16.4 

(14.4) 

15.7 

(19.4) 

15.3 

(18.7) 

19.7 

(19.7) 

19.0 

(21.0) 

21.7 

(20.4) 

24.6 

(18.6) 

25.4 

(23.0) 

18.2 

(20.4) 

n 63 63 69 69 69 59 69 63 69 61 64 54 

Mean exit dB 

(SD) 

19.3 

(9.4) 

22.7 

(11.8) 

20.6 

(14.1) 

16.8 

(14.6) 

16.1 

(20.8) 

28.3 

(26.4) 

24.6 

(26.2) 

28.2 

(29.0) 

31.5 

(27.0) 

39.9 

(26.7) 

43.8 

(26.4) 

44.7 

(21.6) 

n 37 37 69 69 69 21 69 61 68 61 69 69 

Mean 

deterioration 

dB (SD) 

-3.1 

(10.9) 

-2.5 

(11.8) 

-0.1 

(9.8) 

-0.4 

(11.6) 

-0.4 

(11.7) 

-6.0 

(20.2) 

-4.9 

(20.6) 

-9.1 

(23.7) 

* 

-9.6 

(24.0) 

* 

-16.8 

(26.6) 

* 

-18.1 

(26.4) 

* 

-23.0 

(27.4) 

* 

kHz, kilohertz; dB, decibel; SD, standard deviation 

* significant hearing deterioration (p < 0.05) 
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CHAPTER 6: DISCUSSION, CLINICAL IMPLICATIONS 

AND CONCLUSION  

 

This chapter provides a discussion of the results of this research project and their 

implications for clinical practice. The research conducted is critically evaluated in terms 

of its contributions, strengths and limitations. Recommendations for future research 

are presented and conclusions drawn from the findings.  

This research project comprised three studies incorporating a retrospective record 

review and aimed to describe the service delivery practices of a community-based 

ototoxicity monitoring programme (OMP) for drug-resistant tuberculosis (DRTB) 

facilitated by community health workers (CHWs), and the ototoxicity observed in a 

DRTB patient population. In addition, this research project investigated the monitoring 

of ototoxicity in DRTB patients receiving aminoglycoside treatment with extended high-

frequency (EHF) audiometry in order to determine the value of EHF audiometry in 

identifying early changes in hearing. 

6.1 Summary of findings 

Study I reported on the service delivery practices of a decentralised, community-based 

OMP for 831 patients with DRTB served by CHWs and primary health care (PHC) 

audiologists between 2013 and 2017. The service delivery practices were compared 

to and evaluated against the OMP protocol and the national and international 

recommended guidelines for ototoxicity monitoring (AAA, 2009; ASHA, 1994; HPCSA, 

2018). CHWs assessed 60.3% of patients (501/831), while the remaining 39.7% 

patients (330/831) were assessed by PHC audiologists. The timing and frequency of 

ototoxicity monitoring assessments for patients in this study did not meet the 

recommendations of the OMP protocol or the guidelines for ototoxicity monitoring 

(AAA, 2009; ASHA, 1994; HPCSA, 2018). The initial assessment conducted for more 

than half the patients (53.2%; 320/602) exceeded the timeframes recommended by 

the OMP protocol and the guidelines (AAA, 2009; ASHA, 1994; HPCSA, 2018), that is 

prior to or within two weeks of treatment initiation. On average, patients were assessed 
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3.1 (SD = 2.31) times, but 31.6% (263/831) attended an initial assessment only and 

just 8% (69/831) returned for the recommended six or more ototoxicity monitoring 

assessments. Ototoxicity monitoring was conducted on average every 58.3 (SD = 

6.23) days, almost twice the 30 days recommended by the OMP protocol. The OMP 

follow-up default rates ranged from 27.6% to 31.9% across consecutive monitoring 

assessments and improved from 53.7% to 79.5% as the OMP became more 

established over time between 2013 and 2017. 

EHF audiometry (0.25-16 kHz) was underutilised by testers in this study. Once EHF 

audiometry was introduced to the OMP, only 27.5% of patients (117/425) had their 

hearing assessed using EHF audiometry. However, PHC audiologists (55.5%; 96/173) 

were more likely than CHWs to use EHF audiometry for the initial assessment of 

patients. In addition, data recording of patients’ descriptive information was 

inconsistent; for instance, 37.7% of patient gender was not recorded by testers in this 

study. 

Study II reported on the observed longitudinal treatment effects for DRTB and 

ototoxicity monitoring conducted by CHWs, in a decentralised community-based model 

of care. Of the 831 patients included in Study I, 194 met the selection criteria and were 

eligible for inclusion in Study II. At the time of the initial assessment, 24.7% (48/194) 

of patients reported having DRTB and HIV co-infection and 20.6% (40/194) reported a 

history of excessive noise exposure. Patients’ initial assessments were conducted on 

average 16.8 days (SD = 86.5; range = -494 to 14 days) before treatment initiation. 

CHWs tested 76.3% (148/194) of the patients in the study, while PHC audiologists 

tested the remaining 23.7% (46/194).  

Follow-up rates for consecutive monitoring assessments reached as high as 80.6% for 

patients assessed by CHWs and up to 87.0% for patients assessed by PHC 

audiologists. However, few patients were assessed with the frequency required for 

effective ototoxicity monitoring as recommended by the national guidelines and the 

OMP protocol. Only 14.2% (21/148) of patients assessed by CHWs attended the 

recommended six or more monitoring assessments compared to 32.6% (15/46) of 

patients assessed by PHC audiologists.  There was a significant (p = 0.019; U = 

2637.0) difference between the average number of follow-up visits by patients 
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assessed by CHWs (average = 3.3; SD = 2.1; 148/194) and those assessed by PHC 

audiologists (average = 4.3; SD = 2.5; 46/194). Furthermore, patients in this study did 

not undergo ototoxicity monitoring with the regularity recommended by the OMP 

protocol or the guidelines (every seven to 30 days). However, the average number of 

days elapsing between monitoring assessments were fewer for patients assessed by 

CHWs (53.4 days; SD = 10.3) than for patients assessed by PHC audiologists (64.3 

days; SD = 19.3).  

The study findings revealed a high prevalence (51.5%; 100/194) of pre-existing hearing 

loss for patients at the time of the initial assessment, where a hearing loss was defined 

as one or more hearing threshold > 25 dB HL in one or both ears at one or more 

frequencies. Following DRTB treatment using kanamycin, patients presented with 

clinically and statistically significant deterioration of hearing thresholds, most markedly 

in the high frequencies. The mean hearing threshold deterioration was significant (p < 

0.05) at the high frequencies of the left ear (4–8 kHz) and in the majority of frequencies 

in the right ear (0.5, 1, 2, 4, 6, 8 kHz) ear. Results indicated significant deterioration in 

the mean high frequency PTA (3–8 kHz) of the left (p < 0.05; W = -4.125) and right (p 

< 0.05; W = -5.247) ear. Following DRTB treatment, more than half the patients (51.5%; 

100/194) presented with a significant ototoxic shift meeting one or more of the 

American Speech-Language-Hearing Association (ASHA) criteria, with ototoxic shifts 

occurring most often at the high frequencies (4–8 kHz). From the initial to the exit 

assessment, the prevalence of patients presenting with hearing loss meeting any 

category of hearing loss severity increased from 22.2% (39/194) to 25.8% (50/194). 

The presence of pre-existing hearing loss, HIV co-infection, and a history of noise 

exposure were significant predictors (p < 0.05) of ototoxicity in DRTB patients.  

Study III described EHF audiometry monitoring of ototoxicity in a longitudinal treatment 

programme. Of the 831 patients included in Study I, 69 met the selection criteria and 

were eligible for inclusion in Study III. The mean age of patients at the time of the initial 

assessment was 37.9 years (SD = 11.2; range = 16.0 to 63.8 years). Gender (27.5%; 

19/69) and medication type (47.8%; 33/69) administered to patients was not recorded 

on the data collection forms by some testers and was therefore unavailable for 
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inclusion in this retrospective study. Initial assessments were conducted on average 

40.3 days (SD = 70.9; range = 0 to 301 days) after treatment initiation.  

There was a high prevalence of patients presenting with a pre-existing hearing loss at 

the time of the initial assessment, where hearing loss was defined as one or more 

hearing threshold > 25 dB HL in one or both ears at one or more frequencies. At the 

initial assessment, 36.2% (25/69) of patients presented with a hearing loss in one or 

more frequency in the conventional range (0.25–8 kHz); compared to 65.2% (45/69) 

of patients when also considering EHF thresholds (0.25–16 kHz). From initial to exit 

assessment, the number of patients with hearing loss increased to 47.8% (33/69) when 

EHFs were not considered (0.25–8 kHz), and to 85.5% (59/69) when EHFs were 

considered (0.25–16 kHz). Following treatment, the mean hearing threshold 

deterioration was significant at EHFs of the left (11.2, 12.5, 14 and 16 kHz; p < 0.05; 

W = -4.947 to -2.801) and of the right ear (9, 11.2, 12.5, 14 and 16 kHz; p < 0.05; W = 

-4.705 to -2.711). Following treatment, results indicated significant deterioration in the 

mean EHF PTA for the left (p < 0.05; W = -4.160) and right (p < 0.05; W = -4.546) ear.  

Including EHF thresholds resulted in more than half of patients (56.5%; 39/69) 

presenting with a significant ototoxic shift meeting one or more of the ASHA criteria, 

compared to 31.9% (22/69) if EHFs were not considered. Absent EHF thresholds 

owing to maximum equipment output limits occurred most frequently at 16 kHz, with 

17.4% of patient thresholds absent at the time of the initial assessment. However, 

missing data points were uncommon (0.7 to 3.6%) in frequencies below 16 kHz. The 

study findings therefore confirmed that EHF audiometry was significantly more 

sensitive for early detection of aminoglycoside-induced deterioration in hearing than 

conventional audiometry.   

6.2 Clinical implications 

The findings of this research project gave rise to six main clinical implications.  

Firstly, decentralised, community-based ototoxicity monitoring for DRTB offered in a 

PHC framework of care was a feasible service delivery model. The OMP follow-up 
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default rates ranged from 27.6% to 31.9% across consecutive monitoring 

assessments, and improved from 53.7% to 79.5% as the OMP became more 

established over time, between 2013 and 2017. The OMP follow-up default rates were 

lower than a similar DRTB treatment programme offering ototoxicity monitoring (Moyo 

et al., 2015). This demonstrates the potential of a community-based model of care for 

ototoxicity monitoring to establish itself over time as a robust, widely used service. 

Secondly, the findings of Studies I and II demonstrated that CHWs were able to 

conduct ototoxicity monitoring assessments with similar timing and frequency as PHC 

audiologists. Study II showed a shorter number of days between assessments for 

patients assessed by CHWs than for patients assessed by PHC audiologists. 

Therefore, the findings of this research project support the feasibility of a community-

based model of care for ototoxicity monitoring facilitated by CHWs as a recognised 

service. For this reason, the inclusion of CHWs as facilitators of ototoxicity monitoring 

within a community setting for increased patient access to services is supported and 

encouraged by the researcher.   

Thirdly, the findings of this research project highlight the challenges encountered by 

OMPs, with particular reference to the South African context. The findings 

demonstrated that the OMP was unable to assess patients within the timeframes or 

with the regularity and frequency recommended by national and international 

guidelines (AAA, 2009; ASHA, 1994; HPCSA, 2018). In addition, the data management 

of the OMP was inconsistent, with important patient descriptive data (such as gender) 

not consistently recorded by testers. Furthermore, the findings of Studies I and II were 

able to support existing reports that EHF audiometry is underutilised by testers for the 

purpose of ototoxicity monitoring. The OMP shortfalls identified in this research project 

call for a reconsideration of current ototoxicity monitoring guidelines and protocols; 

novel approaches to ototoxicity monitoring, including decentralised, community-based 

ototoxicity monitoring by non-specialised personnel using the latest technology, 

including digital technology and applications with automated EHF audiometry 

applications, and cloud-based integrated data sharing capabilities should be included. 

Furthermore, these findings, suggest the importance of ongoing training and 
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supervision of non-specialised personnel undertaking task-sharing to optimise OMP 

service delivery practices.  

Fourthly, the findings of Study III confirm that EHF audiometry (0.25–16 kHz) is 

significantly more sensitive for early detection of aminoglycoside-induced hearing 

deterioration than conventional test frequencies. EHF audiometry should therefore be 

included in ototoxicity monitoring for patients receiving ototoxic drugs. Consequently, 

in an effort to encourage the use of EHF audiometry for ototoxicity monitoring, the 

researcher recommends a novel optimised shortened protocol for EHF audiometry, 

where the frequencies most sensitive to ototoxicity are assessed. An optimised 

shortened protocol for EHF audiometry would entail the exclusion of the assessment 

of the low and mid- to high frequency ranges (0.25–4 kHz) with the inclusion of the 

assessment of the frequencies 6, 8, 9, 11.2, 12.5, 14 and 16 kHz only. In the event of 

severe time constraints due to for example, a fatigued patient, the frequencies 9–16 

kHz can be prioritised for assessment. The option to exclude 16 kHz from the test 

protocol is suggested as 16 kHz had the highest prevalence of absent hearing 

thresholds at the time of the initial assessment owing to maximum equipment output 

limits. 

Fifthly, the findings of Studies II and III confirm that DRTB treatment using kanamycin 

had a negative effect on the hearing status of the patients in this research project, with 

clinically and statistically significant deterioration of hearing thresholds, most markedly 

in the high frequency and EHF ranges. These findings provide further evidence to 

support the implementation of all-oral treatment regimens for DRTB patients and 

highlight the continuing need for OMPs to monitor the hearing of patients receiving 

ototoxic drugs 

Finally, the findings of Study II demonstrated that the prevalence of pre-existing 

hearing loss was high for DRTB patients. In addition, the presence of pre-existing 

hearing loss, HIV co-infection, and a history of noise exposure were found to be 

significant predictors of ototoxicity in DRTB patients in this study. This has clinical 

implications for OMPs as patients presenting with these conditions can be identified 

and prioritised for vigilant ototoxicity monitoring and closer supervision of attendance 

of monitoring assessments through direct communication with patients using, for 
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example, smartphone technology and applications like WhatsApp. By prioritising these 

patients, the limited resources synonymous with OMPs in South Africa may be 

optimised.  

6.3 A recommended service delivery model for community-

based ototoxicity monitoring  

The results of Studies I to III were used to inform the development of a proposed 

service delivery model for community-based ototoxicity monitoring facilitated by CHWs 

using digital technology (Figure 6.1).  
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Figure 6.1 Flowchart of proposed community-based ototoxicity monitoring facilitated by CHWs 
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In light of the research project findings, the following suggestions are to improve patient 

access to OMPs, and the service delivery practices of OMPs. A multidisciplinary team 

approach should be taken for the development and implementation of an OMP, 

including involvement of key role players in the treatment and management of patients 

receiving ototoxic drugs in decentralised PHC settings, such as PHC clinics and/or 

community health clinics. Role players may include PHC doctors, nurses, audiologists, 

CHWs, provincial/local government OMP managers and administrative staff. However, 

the PHC audiologist should assume the leading role for the management of the OMP. 

The PHC audiologist and provincial/local government administrative staff would be 

responsible for selecting suitable PHC facilities and CHWs for inclusion in the OMP. 

To facilitate access to care, ototoxicity monitoring services should be made available 

to patients at the PHC facilities where they currently receive intervention and 

management services related to ototoxic drug treatment. This is feasible using low-

cost portable audiological equipment for ototoxicity monitoring, such as smartphone 

technology with automated EHF audiometry and integrated cloud-based data sharing, 

facilitated by CHWs. 

The PHC audiologist should be responsible for the initial and ongoing training of the 

CHWs who will be conducting the ototoxicity monitoring assessments. The WHO 

Primary Ear Care Training Resources (basic and intermediate levels) (WHO, 2006a, 

2006b) can be used as educational resources for the training of CHWs, while practical 

training on conducting patient interviews, otoscopy, tympanometry, ototoxic monitoring 

assessments and data capturing should be included in the training. This training should 

furthermore inform the CHWs about ototoxicity monitoring conducted using 

smartphone technology with automated EHF audiometry.  

The ongoing supervision of CHWs by PHC audiologists is recommended to ensure a 

high standard of care: this can be achieved by remotely reviewing the ototoxicity 

assessments conducted by CHWs and using the electronically stored cloud-based 

data. PHC audiologists should provide CHWs with regular support and performance 

feedback using smartphone technology and applications such as WhatsApp for text 

and video call communication. 
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The CHWs should travel to the PHC facilities with an otoscope, tympanometer and 

mobile technology with automated EHF audiometry and integrated cloud-based data 

sharing. The technology should be customisable for ototoxicity monitoring in a PHC 

context using conventional and EHF audiometry. Furthermore, an optimised, 

shortened, automated protocol should be available for use by the CHWs, where only 

the frequencies most sensitive to ototoxicity, and least sensitive to maximum 

equipment output limits, are assessed. The novel protocol for EHF audiometry should 

entail the exclusion of the assessment of the low and mid- to high frequency ranges 

(0.25–4 kHz) with the inclusion of the assessment of the frequencies 6, 8, 9, 11.2, 12.5, 

and 14 kHz only. In the event of severe time constraints, the frequencies 9–14 kHz 

should be prioritised for assessment. The recommendation to include the frequencies 

9–14 kHz is based on the findings of Study III, where over time, statistically significant 

deteriorations in hearing thresholds were measured for the frequencies 9 kHz and 

higher only. Equipment should be regularly calibrated, as scheduled by the managing 

PHC audiologist. 

Patients receiving ototoxic drugs should be identified by their managing doctor and 

referred for inclusion in the OMP as part of the package of care. In line with the 

guideline recommendations (AAA, 2009; ASHA, 1994; HPCSA, 2018), initial 

assessments should be conducted prior to, or within three days of drug treatment 

initiation. The comprehensive initial assessment should include a patient interview, 

otoscopy, tympanometry and conventional and EHF audiometry (0.25–16 kHz). If 

otoscopic and/or tympanometric findings indicate possible outer and/or middle ear 

pathology, patients should be referred to the managing doctor or nurse for appropriate 

treatment, followed by audiometry upon the resolution of the treatment addressing any 

outer and/or middle ear pathology. Patients presenting with risk factors for the 

development of ototoxicity (viz. pre-existing hearing loss, DRTB and HIV co-infection 

and/or a history of noise exposure) should be identified. The managing doctor and the 

PHC audiologist should be informed of these patients and they should be considered 

for all-oral treatment regimens and for vigilant ototoxicity monitoring and adherence to 

scheduled monitoring assessments. The PHC audiologist may identify the at-risk 

patients as part of the review of CHW-conducted initial ototoxicity assessments, and 
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thereafter communicate with the identified patients using smartphone technology and 

applications such as WhatsApp, using texts or video calls. 

Ototoxicity monitoring assessments should be conducted monthly and then at three, 

six- and 18-month intervals following treatment completion. As well as patient 

interviews, otoscopy and tympanometry, monitoring assessments should include the 

use of an optimised, shortened protocol for EHF audiometry (6–14 kHz; or 9–14 kHz 

in the event of time constraints) by CHWs. Patients presenting with an ototoxic shift 

meeting one of the ASHA criteria should be referred by the PHC audiologist to the 

managing doctor for consideration for all-oral treatment regimens. In addition, patients 

presenting with ototoxic shifts meeting the ASHA criteria should attend ototoxicity 

monitoring assessments every two weeks, with smartphone and application-based 

communication by PHC audiologists to ensure patient adherence to scheduled 

assessments. Patients presenting with ototoxic hearing loss following treatment should 

be referred by the PHC audiologist to a centralised institution for diagnostic 

audiological assessment, intervention and rehabilitation. 

6.4 Research contributions, strengths and limitations 

This section critically evaluates the contributions, strengths and limitations of this 

research project. 

6.4.1 Research contributions 

This research project has made several contributions to research. Firstly, this research 

project was the first to report longitudinally on, and to describe the service delivery 

practices of a novel approach to ototoxicity monitoring for DRTB patients using a 

decentralised, community-based model of care facilitated by non-specialist personnel. 

The service delivery practices of the OMP were compared to similar hospital-based 

and decentralised OMPs, to national and international guidelines for ototoxicity 

monitoring and to the OMP protocol. The findings demonstrated that a community-

based OMP using CHWs to facilitate monitoring showed improvement over previous 

hospital-based reports, with more accessible services and higher follow-up rates. 
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Therefore, the findings support and encourage the implementation of community-

based OMP offered within the a PHC framework of care. 

Secondly, this research project was the first to include longitudinal comparisons of 

OMP assessments by PHC audiologists and by CHWs for DRTB patients. 

Comparisons of the audiometric protocol used for ototoxicity monitoring (conventional 

audiometry versus conventional and EHF audiometry), and the timing and frequency 

of ototoxicity monitoring assessments were made. Similar timing and frequency of 

ototoxicity monitoring was found in patients assessed by CHW and those assessed by 

PHC audiologists (Study I), with a shorter number of days between assessments for 

patients assessed by CHWs than for patients assessed by PHC audiologists (Study 

III). This research project demonstrated that non-specialist personnel (CHWs) were 

able to conduct ototoxicity monitoring assessments for DRTB patients using portable 

audiological equipment in a decentralised, community-based setting. 

Thirdly, in addition to the research findings demonstrating the improvement in 

ototoxicity monitoring service delivery using community-based care and CHWs to 

facilitate monitoring, the OMP service delivery practices in need of improvement were 

also identified. The findings indicated that the OMP was unable to meet the outcomes 

set out in the ototoxicity monitoring guidelines and the OMP protocol. These included 

the timing and frequency of ototoxicity monitoring assessments and data management 

practices. These poorly met indicators suggest that a careful review and 

reconsideration of ototoxicity monitoring approaches, technologies and human 

resources used is required. 

Fourthly, several significant predictors of hearing loss in DRTB patients were observed, 

including the presence of a pre-existing hearing loss, HIV co-infection, and a history of 

exposure to noise. The findings of the research project, therefore, have important 

implications for OMPs as they highlight the need for these programmes to identify and 

prioritise DRTB patients presenting with pre-existing hearing loss, HIV co-infection, 

and noise exposure for all-oral treatment regimens, together with more vigilant 

audiological ototoxicity monitoring and adherence to scheduled assessments for early 

management of hearing deterioration. 
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Fifthly, this study provided additional statistical information on the prevalence and 

severity of aminoglycoside-induced ototoxic hearing loss in DRTB patients. The 

research project was able to demonstrate that DRTB treatment using kanamycin had 

a negative effect on the hearing status of patients (Studies II and III), with clinically and 

statistically significant deterioration of hearing thresholds, most markedly in the high 

frequency and EHF ranges. These findings therefore support the implementation of 

OMPs for DRTB patients who are administered aminoglycosides, particularly as the 

latest WHO DRTB treatment guidelines continue to include amikacin, which is known 

to be ototoxic.  

Lastly, the findings of this research project confirmed that EHF audiometry was 

significantly more sensitive for early detection of aminoglycoside induced deterioration 

in hearing than conventional audiometry. The occurrence of high frequency hearing 

deterioration measured in Study III further supports the recommendation of the use of 

EHF audiometry for ototoxicity monitoring in DRTB patients, particularly for those most 

at risk for developing ototoxic hearing loss. The research project found, however, that 

EHF audiometry was underutilised by the testers (Studies I and III). To encourage the 

widespread use of EHF audiometry for ototoxicity monitoring, a novel shortened 

optimised testing protocol was suggested by the researcher. An optimised shortened 

protocol for EHF audiometry would entail the exclusion of the assessment of the low 

and mid- to high frequency ranges (0.25–4 kHz) with the inclusion of the assessment 

of the frequencies 6, 8, 9, 11.2, 12.5, 14 and 16 kHz only. In the event of severe time 

constraints, the EHFs of 9–16 kHz could be prioritised for assessment. Since 16 kHz 

had the highest occurrence of absent thresholds at the initial assessment (Study III) 

this frequency could be excluded from an optimised protocol.   

6.4.2 Research strengths 

There were six main strengths identified across Studies I to III. Firstly, ototoxicity 

monitoring assessments were conducted on a large sample of patients for Studies I 

and II, allowing for more precise analysis and generalisation of the results. Findings 

based on larger samples have more evidential certainty than those based on smaller 

ones; in most cases the larger the sample, the more accurate the findings (Kumar, 
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2019). Although the sample size for Study III was smaller than for Studies I and III, the 

sample size was comparable to that of a similar published study (Appana et al., 2016).  

Secondly, the longitudinal nature of this research project allowed the researcher to 

explore patterns of change and the potential reasons for changes in variables in order 

to make recommendations for clinical practice for ototoxicity monitoring (Brink et al., 

2018). Long-term service delivery analysis allowed the researcher to assess 

improvements in areas such as the OMP follow-up rates, which has seldom been 

reported on. The researcher was able to determine specific tendencies with greater 

certainty, thereby enabling the researcher to make predictions (Brink et al., 2018), such 

as the predictors of hearing loss. As part of this research project, identical, factual 

information was gathered continuously over an extended period of time, thereby 

enhancing the accuracy of the research findings (Kumar, 2019), such as the 

prevalence of ototoxic hearing loss in patients following DRTB treatment 

Thirdly, this research project evaluated the OMP service delivery practices of an 

existing service delivery model, enhancing the ecological validity of the findings. 

Therefore, the results of this project can be generalised to clinical practice in a real-

world setting (Andrade, 2018). The research findings provided evidence of the 

strengths and weaknesses of decentralised community-based ototoxicity monitoring 

facilitated by CHWs in the field,  and changes can therefore be implemented directly 

to OMP protocols and guidelines for the purposes of health care improvements (Brink 

et al., 2018).  

Fourthly, although the assessment of conventional and EHF ranges (0.25–16 kHz) is 

recommended by national and international guidelines for ototoxicity monitoring, it is 

not routinely implemented by OMPs. The inclusion of both conventional and EHF 

audiometry in this research project allowed comprehensive reporting on the prevalence 

of ototoxic hearing loss following DRTB treatment. The inclusion of EHFs in data 

analysis in Study III resulted in the early identification of ototoxic hearing loss for almost 

twice as many patients (56.5%) as when EHF were not considered (31.9%). Therefore, 

the findings of this research project provided a scientifically justifiable reason for the 

inclusion of EHF audiometry as part of ototoxicity monitoring (Brink et al., 2018). 
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Fifthly, the researcher was rigorous in striving for attention to detail and accuracy 

throughout the research process. Data were collected systematically, thoroughly and 

objectively and were analysed in a manner that minimised contamination and 

enhanced accuracy (Brink et al., 2018). 

Lastly, translational research allowed the researcher to make specific 

recommendations and provide implications for clinical practice for ototoxicity 

monitoring, immediately after the research findings were obtained, to directly benefit 

patients receiving ototoxic drug treatment. To promote evidence-based practice, the 

findings and recommendations of the research project were presented in a coherent 

manner for any persons using and implementing the findings (Brink et al., 2018).  

6.4.3 Research limitations 

Several limitations across the three studies were identified. Firstly, the prevalence of 

adverse audiological symptoms experienced by patients, for example tinnitus, was 

recorded by testers at the time of the initial assessment only, and not at subsequent 

monitoring and exit assessments. After prolonged treatment with kanamycin, which 

causes cochleotoxicity and typically results in tinnitus and/or hearing loss, the 

incidence of self-reported adverse audiological symptoms for patients in this research 

project may have been higher (Rizk et al., 2020; Sagwa et al., 2012). Therefore, the 

prevalence of adverse audiological symptoms following DRTB treatment could not be 

established in this research project. Furthermore, as a result of patient loss to follow-

up, the prevalence of ototoxic hearing loss at three, six and 18 months post treatment 

could not be determined for all the patients reported on in this research project. In 

addition, this research project evaluated ototoxicity monitoring assessment data only 

and did not determine diagnostic, intervention and rehabilitation outcomes for patients 

who presented with ototoxic hearing loss and who were not lost to follow-up.  

Secondly, the lack of quantitative measures of the quality of testing by CHWs and PHC 

audiologists is a research limitation of this project. Within-subject repeated-measures 

evaluation using the test-retest method of determining reliability of behavioural pure 

tone testing would have been valuable. Intrasession reliability could have been 

established by retesting frequencies in addition to 1 kHz, for example, 2, 8 and 12 kHz 

(ASHA, 1994). Quantitative measures of inter-rater reliability could have been 
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assessed by comparing the behavioural pure tone test results between the same 

patients when assessed by CHWs and PHC audiologists, to better quantify the 

differences between the two groups of testers (Shojaeemend & Ayatollahi, 2018). A 5 

to 10 dB difference between thresholds of assessments conducted by different testers 

could be considered reliable (ASHA, 1994; Sandström et al., 2016).  

A third limitation is the use of portable audiometric equipment in conditions where 

ambient noise was not controlled. However, in order to offer ototoxicity monitoring in a 

community-based setting for increased patient access to care, this was mitigated in 

the following ways: the portable audiometer (KUDUwave) used in this project was 

equipped with insert and circumaural earphones, providing attenuation of ambient 

noise, and was able to continuously monitor noise levels and pause the assessment 

when background noise exceeded maximum permissible limits (Brennan-Jones et al., 

2016). In addition, testers were provided with a quiet room within which to conduct 

ototoxicity monitoring assessments. 

Fourthly, immittance measures were not included as part of ototoxicity monitoring 

assessments. Therefore, the prevalence of ototoxic hearing loss demonstrated in this 

research project may have been influenced by the inclusion of patients presenting with 

middle ear conductive pathology, which typically affects low frequency hearing 

thresholds (Stach & Ramachandran, 2017). However, for Study II, significant low 

frequency hearing threshold deterioration was evident at 500 Hz in the right ear only, 

while there was no significant low frequency hearing deterioration evident in either ear 

for the patients in Study III.    

Due to the nature of the research project which involved evaluation of an OMP in the 

field, a fifth limitation was that Study III included a relatively small subset of patients. A 

sample size that is too small may not be able to detect clinically important effects and 

may lead to sampling error, causing a failure of the sample to provide an accurate 

representation of the population (Brink et al., 2018; Kumar, 2019). In addition, the use 

of a non-probability sampling method used for the three studies may have limited the 

generalisability of the results of this research project (Brink et al., 2018; Kumar, 2019). 
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Lastly, limitations due to the retrospective nature of this research project are as follows. 

The OMP and patient variables influencing the frequency, timing, and regularity of 

ototoxicity monitoring assessments could not be determined. In addition, the OMP 

service delivery practices identified by this research project in need of improvement, 

and the subsequent recommnedations made by the researcher to improve ototoxicity 

monitoring, could not be addressed. Lastly, important data pertaining to patient 

description (e.g. gender), and treatment type and duration were at times not recorded 

by testers and could therefore not be included in this retrospective study. While the 

unavailability of important data may have caused research bias, researcher and 

analysis triangulation were applied to reduce the effects of any such bias. Research 

triangulation encompassed the use of more than one researcher, from more than one 

discipline, each making a valuable contribution to this research project, to achieve 

intersubjective agreement. Analysis triangulation involved the use of more than one 

analytical technique to analyse the data of this research project (Brink et al., 2018). 

6.5 Recommendations for future research and clinical 

guidelines 

The following suggestions for future research can be made based on the research 

project results and conclusions. 

An investigation of the OMP service delivery characteristics and prevalence of ototoxic 

hearing loss when using the model proposed in Figure 6.1 would be valuable. The 

OMP service delivery practices when using the proposed model could be compared to 

the findings of this research project to determine whether the recommendations made 

by this researcher are feasible and effective and result in improvements in service 

delivery for ototoxicity monitoring. The service delivery characteristics which could be 

evaluated when using the proposed model could include the timing of initial 

assessments, follow-up rates between consecutive assessments, regularity of 

assessments, the use of EHF audiometry and the prevalence of ototoxic hearing loss 

following ototoxic drug treatment, particularly in the EHF range for the purposes of the 

early detection of ototoxicity. 
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Ototoxicity monitoring is not routinely practiced across public health oncology units in 

South Africa (Ehlert et al., 2022). An investigation into the feasibility of decentralised, 

community-based ototoxicity monitoring conducted by CHWs for patients receiving 

ototoxic drug treatment for diseases other than DRTB, such as cancers and cystic 

fibrosis, is recommended. It is possible that an ototoxicity monitoring protocol like that 

presented in Figure 6.1 could be feasible for these populations and should be 

investigated. 

An investigation into decentralised, community-based ototoxicity monitoring for 

patients receiving ototoxic drugs facilitated by CHW using novel devices and 

technology, including smartphone and automated EHF audiometry applications with 

integrated cloud-based data sharing capabilities, is recommended. The use of novel 

devices and technology may encourage the application of EHF audiometry by testers 

for ototoxicity monitoring by decreasing the time and expertise needed to conduct an 

assessment. The effect of integrated cloud-based data sharing on the data 

management practices of OMPs, and on the ongoing supervision of testers, should be 

determined with the aim of assisting OMPs in adhering to the guideline 

recommendations for service delivery practices. An investigation into the effect of 

ongoing training and monitoring of CHWs using smartphone technology and 

applications such as WhatsApp on OMP service delivery practice outcomes would be 

valuable. 

An investigation into the feasibility and efficacy of ototoxicity monitoring for patients 

receiving ototoxic drugs using a novel shortened testing protocol that assesses the 

EHFs most sensitive to ototoxicity, is also recommended. An optimised shortened 

protocol for EHF audiometry could entail the exclusion of the assessment of the low 

and mid- to high frequency ranges (0.25–4 kHz) with the inclusion of the assessment 

of the frequencies 6, 8, 9, 11.2, 12.5, 14 and 16 kHz only. In the event of severe time 

constraints, the EHFs of 9–14 kHz could be prioritised for assessment. An optimised 

ototoxicity monitoring protocol assessing the frequencies most sensitive to ototoxicity 

may serve to increase testers’ use of EHF audiometry for the purpose of early detection 

of ototoxicity for patients receiving ototoxic drugs. 
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This research project (Study II) found a significant difference between the average 

number of follow-up visits made by patients assessed by CHWs and those assessed 

by PHC audiologists. Due to the retrospective nature of this study, the reason for 

patients assessed by PHC audiologists attending more follow-up assessments could 

not be determined. However, the researcher speculates that a possible reason may be 

due to patient counselling by CHWs of the importance of adherence to scheduled 

ototoxicity monitoring assessments, for the purpose of early detection of ototoxicity. 

This in turn, points to the ongoing training and supervision of CHWs by PHC 

audiologists, and the need for the emphasis of patient counselling in the training of 

CHWs. To optimise patient adherence to scheduled ototoxicity monitoring 

assessements, an investigation into the patient and OMP variables influencing the 

timing, frequency and regularity of ototoxicity monitoring assessments of community-

based ototoxicity monitoring services would be valuable. This might assist OMPs in 

prioritsing resources to optimise service delivery practices and follow-up rates for the 

purposes of serial ototoxicity monitoring.  

Investigation of the experiences of CHWs and PHC audiologists’ as facilitators of 

ototoxicity monitoring could be valuable and is recommended. This research project 

found that data management by CHWs and PHC audiologists was at times sporadic, 

leading to the absence of important data for inclusion in the project. Interviews aimed 

at gathering information from CHWs and PHCs audiologists on their experiences as 

part of the OMP and the possible reasons for sporadic data management could be 

conducted.  Interviews could gather information on ways to improve ototoxicity 

monitoring services, particularly with regards to the timing and frequency of 

assessments, suggested by CHWs and PHCs audiologists.  CHWs perspectives on 

facilitating audiological ototoxicity monitoring would be novel and could be a valuable 

contribution to the field. Information gathered from CHWs and PHC audiologists active 

in the field could assist OMPs develop practical data management procedures and 

improve service delivery practices. 
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6.6 Conclusion 

This research project demonstrated that decentralised community-based ototoxicity 

monitoring for DRTB patients using CHWs to facilitate monitoring is a feasible solution 

to increasing patient access to care and to addressing the limited resources 

synonymous with ototoxicity monitoring in South Africa. The findings of this project 

support and encourage the employment of CHWs to facilitate community-based 

ototoxicity monitoring of patients with DRTB. However, the findings revealed that over 

time, community-based OMPs for DRTB show gaps in service delivery practices, most 

notably in the frequency and timing of ototoxicity monitoring assessments, data 

management practices and the use of EHF audiometry by testers.  

The research project demonstrated that patients co-infected with HIV, those with a pre-

existing hearing loss and those exposed to excessive noise were at higher risk for 

developing ototoxicity-induced hearing deterioration. It is therefore recommended that 

OMPs identify and prioritise patients with these risk factors for more vigilant ototoxicity 

monitoring and for all-oral treatment regimens. The research project demonstrated that 

DRTB treatment using kanamycin caused clinically and statistically significant 

deterioration of hearing thresholds in patients, most prominently at the high frequency 

and EHF ranges, and that EHF audiometry is more sensitive for the early detection of 

aminoglycoside-induced ototoxic hearing loss than conventional audiometry. 

Therefore, the recommendation for the use of EHF audiometry for ototoxicity 

monitoring is supported by the findings of this project. However, the poor utilisation of 

EHF audiometry by testers in this research project suggests that a shorter, more 

targeted approach to ototoxicity monitoring may be required where only those 

frequencies most sensitive to ototoxicity are prioritised. The findings of the current 

research project suggest that the frequencies most sensitive to ototoxicity and least 

affected by maximum equipment output limits should be included in an optimised, 

shortened protocol for EHF audiometry for ototoxicity monitoring.  

In order to improve OMP service delivery outcomes and to encourage timely and 

regular ototoxicity assessment, current protocols and guidelines for ototoxicity 

monitoring should be reassessed to optimise limited resources and increase patient 

access to care. Reconsideration of the protocols and guidelines should include novel 
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approaches to ototoxicity monitoring, comprising decentralised community-based 

OMP facilitated by CHWs using novel devices and technology, such as mobile 

smartphone audiometry solutions and automated EHF audiometry with paperless 

cloud-based data management. Smartphone technology and applications, for instance 

WhatsApp, should be used for the ongoing supervision and training of testers and for 

communication with patients to improve adherence to scheduled ototoxicity monitoring 

assessments for the early detection of hearing loss. 
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