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Abstract 62 

Purpose: Specific classes of antibiotics, such as aminoglycosides, have well-established adverse 63 

events producing permanent hearing loss, tinnitus, balance and/or vestibular problems (i.e., 64 

ototoxicity). Although these antibiotics are frequently used to treat Pseudomonas and other bacterial 65 

infections in patients with cystic fibrosis (CF), there are no formalized recommendations describing 66 

approaches to implementation of guideline adherent ototoxicity monitoring as part of CF clinical care. 67 

Methods: This consensus statement was developed by the International Ototoxicity Management 68 

Working Group (IOMG) Ad Hoc Committee on Aminoglycoside Antibiotics to address the clinical need 69 

for ototoxicity management in CF patients treated with known ototoxic medications. These clinical 70 

protocol considerations were created using consensus opinion from a community of international 71 

experts and available evidence specific to patients with CF, as well as published national and 72 

international guidelines on ototoxicity monitoring.  73 

Results: The IOMG advocates four clinical recommendations for implementing routine and guideline 74 

adherent ototoxicity management in patients with CF. These are: 1) including questions about 75 

hearing, tinnitus, balance and vestibular problems as part of the routine CF case history for all 76 

patients; 2) utilizing timely point-of-care measures; 3) establishing a baseline and conducting post-77 

treatment evaluations for each course of intravenous ototoxic drug treatment; and 4) repeating annual 78 

hearing and vestibular evaluations for all patients with a history of ototoxic antibiotic exposure. 79 

Conclusion: Increased efforts for implementation of an ototoxicity management program in the CF 80 

care team model will improve identification of ototoxicity signs and symptoms, allow for timely 81 

therapeutic follow-up, and provide the clinician and patient an opportunity to make an informed 82 

decision about potential treatment modifications to minimize adverse events. 83 

1.0 Introduction  84 
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Cystic fibrosis (CF) is an autosomal recessive genetic disorder that affects over 30,000 85 

persons in the US and 70,000 worldwide, with an incidence of approximately 1,000 new diagnoses 86 

per year (Cystic Fibrosis Foundation, 2018). CF primarily affects non-Hispanic white persons and is 87 

caused by mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene; 88 

absent or reduced function of the CFTR protein can result in chronic bacterial infections of the lungs, 89 

pancreatic exocrine insufficiency, digestive disorders and elevated sweat chloride concentrations 90 

(e.g., Cystic Fibrosis Foundation, 2018; Knowles & Durie, 2002). Early diagnosis of CF is more 91 

common due to newborn screening programs (Scotet et al., 2020). However, the manifestation of CF-92 

related symptoms and severity of disease can dramatically vary across patients. The median 93 

predicted survival rate for persons with CF has steadily increased from 28 years in 1986 to 43 years 94 

in 2016 (Cystic Fibrosis Foundation, 2018). Due to the changing landscape of improved CF therapies 95 

leading to increased life expectancy, it is critical to consider the negative impacts on quality of life 96 

from comorbidities associated with normal aging (e.g., presbycusis) and CF itself, as well as the 97 

adverse effects of long-term treatments. Persons with CF most often receive clinical care from a 98 

specialized CF care team, which at a minimum includes a pulmonologist, nurse, social worker, 99 

respiratory therapist, dietician and often a pharmacist. Treatment is highly specialized to the individual 100 

and often includes a rigorous daily routine of airway clearance therapies, vitamin supplements and 101 

medications. Despite the advancements in CF clinical care and treatments (including novel CFTR 102 

modulator therapies), lung disease remains the primary cause of morbidity and mortality (Cystic 103 

Fibrosis Foundation, 2018; Earnest et al., 2020). 104 

Persons with CF tend to have episodic pulmonary exacerbations that drive lung function 105 

decline (Sanders et al., 2010; Sanders et al., 2011). The 2018 CF patient registry report showed that 106 

almost 25% of pediatric patients (<18 years) and 43% of adult patients experienced an exacerbation 107 

that year; the group experiencing the highest number of exacerbations was between 15-30 years old 108 
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(Cystic Fibrosis Foundation, 2018). During these exacerbations, patients often receive a once-daily 109 

treatment course (typically 14 days) including intravenous (IV) aminoglycoside antibiotics (e.g., 110 

tobramycin or amikacin), with or without a concomitant glycopeptide (e.g., vancomycin) or beta- 111 

lactam (e.g. piperacillin), cephalosporin (e.g. ceftazidime or cefipime) or carbapenem (e.g., 112 

meropenem) antibiotic, to manage polymicrobial bacterial infections of the airways. Well-established 113 

evidence indicates that aminoglycoside antibiotics, particularly with IV-therapy, may produce ototoxic 114 

adverse events including permanent sensorineural hearing loss, tinnitus (i.e., cochleotoxicity) (Al-115 

Malky et al., 2015; Elson et al., 2020; Garinis et al., 2017; Jiang et al., 2017; Tan et al., 2003) and/or 116 

vestibular problems (i.e., vestibulotoxicity) (Ariano et al., 2008; Handelsman et al., 2017; 117 

Handelsman, 2018). Synergistic ototoxic effects have also been reported when intravenous 118 

aminoglycoside therapy is paired with vancomycin (Garinis et al., 2017). The reported prevalence of 119 

hearing loss, presumably resulting from IV aminoglycoside treatment, in pediatric and adult persons 120 

with CF varies, with recent estimates as high as 63% (Al-Malky et al., 2015; Blankenship et al., 2021; 121 

Elson et al., 2020; Garinis et al., 2017; reviewed by Zettner & Gleser, 2018). Such rates substantially 122 

exceed the ~13% reported prevalence in an age-matched group of individuals (12-49 years old) 123 

drawn from the general population (e.g., Lin et al., 2011). A recent study by Elson et al. (2020) 124 

showed that 53% of patients with CF treated for ≥ 5 years with inhaled aminoglycosides exhibited 125 

hearing abnormalities. The combined use of both inhaled and IV aminoglycosides (or other ototoxic 126 

agents) may further increase the risk for developing ototoxicity and needs further investigation. 127 

Macrolide antibiotics, especially azithromycin, are also frequently used in CF care for treatment of 128 

lung disease, and some case reports describing ototoxicity. This published data suggest that these 129 

agents can also produce ototoxicity, however these effects are still understudied (Bess and Gross, 130 

2000). 131 
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These recent prevalence estimates of aminoglycoside-induced hearing loss in the CF 132 

population are alarmingly high. Preclinical and human evidence has established that aminoglycosides 133 

initially produce high-frequency sensorineural hearing loss (>8 kHz) by damaging sensory outer hair 134 

cells in the basal cochlear region, often progressing to low-frequency hearing loss in the apical 135 

cochlear region (Fausti et al., 1984; Guthrie, 2008; Huizing & de Groot, 1987; Jiang et al., 2017; Sha 136 

et al., 2001). Thus, it is crucial to include metrics that test this higher frequency region of hearing 137 

when implementing an ototoxicity management program into clinical CF care. Ototoxicity 138 

management, defined as clinical care that includes identification of hearing- and balance/vestibular-139 

related symptoms, follow-up testing to detect an ototoxic event, and provision of auditory/vestibular 140 

rehabilitation is critical to ensure timely detection and management of deficits, particularly in pediatric 141 

patients. This is critical to address as even mild high-frequency hearing loss may produce delays in 142 

speech and language development in children and compromise speech understanding-in-noise for 143 

both children and adults (e.g., Blankenship et al., 2021; Monson et al., 2019). Other vital auditory 144 

functions such as sound localization, phoneme identification and voice recognition are dependent on 145 

high-frequencies and thus preserving the functionality of the basal region of the cochlea is crucially 146 

important for communication (Alexander et al., 2014). 147 

Monitoring for ototoxicity in patients with CF has not been a common practice worldwide, likely 148 

due to (i) known barriers (e.g., cost, lack of audiology resources) to integrating audiological 149 

management into care pathways of clinical specialties (e.g., Konrad-Martin et al., 2018; Maru & Al-150 

Malky, 2018), (ii) an already time-intensive clinical burden involving appointments with multiple 151 

specialists during routine CF care visits, and (iii) lack of clinical guidance for including ototoxicity 152 

management in CF care. The lack of audiological care for persons with CF was illustrated through 153 

national surveys in the U.S. reporting that only 26% of adult CF centers (Prescott, 2014) and 39% of 154 

pediatric CF centers (Prescott, 2011) include audiometry to monitor adverse effects of 155 
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aminoglycoside treatments, and that the majority of the audiology protocols in these clinics do not 156 

include threshold assessment at the higher frequencies (>8 kHz) that are known to be sensitive to 157 

detection of ototoxicity (Prescott, 2011; 2014). Further evidence is documented by narratives of 158 

patients who did not receive ototoxicity monitoring or timely rehabilitation, although they had 159 

developed ototoxicity symptoms and suffered personal impacts [Videos may be accessed online at: 160 

https://www.ncrar.research.va.gov/PatientVoices/Index.asp] (NCRAR, 2020a). Thus, improvements in 161 

audiological care for CF patients requires alignment of goals among provider groups, institutional 162 

leadership and patient involvement (e.g., Konrad-Martin et al., 2018). Additionally, thoughtful 163 

consideration of the CF care team’s interdisciplinary knowledge about the impact of hearing loss, 164 

tinnitus, balance or vestibular difficulties on quality of life and its implications for designing CF 165 

treatment protocols are important for the success of an ototoxicity management program aligned with 166 

CF care (Garinis et al., 2018). Further, the impact on a patient’s quality of life from ototoxicity as well 167 

as readiness to implement rehabilitation and/or candidacy for modification of their drug regimen to 168 

minimize further damage will be highly patient-specific. It is therefore crucial to carefully consider the 169 

patient’s perspective (Baguley & Prayuenyong, 2020; NCRAR, 2020a). 170 

The most recent update of U.S. national guidelines on ototoxicity monitoring was published by 171 

the American Academy of Audiology (AAA) in 2009. These guidelines extend previous 172 

recommendations put forth by the American Speech-Language-Hearing Association (ASHA) in 1994 173 

(ASHA, 1994); however, they continue to lack specifics on follow up care coordination, which is 174 

crucial for the management of any auditory and vestibular problems that arise from drug treatment. 175 

International guidance ranges from published clinical practice patterns (e.g., Maru & Al-Malky, 2018) 176 

to formal guidance for ototoxicity monitoring protocols (e.g., WHO, 1994; HPCSA, 2019). These did 177 

not consider important emerging technologies or audiology practice shifts toward an emphasis on 178 

person-centered care that can require substantial cross-disciplinary care coordination (AAO-HNS, 179 

https://www.ncrar.research.va.gov/PatientVoices/Index.asp
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2015; ATS/IDSA, 2007; Daley et al., 2020). There have also been significant point-of-care (POC) 180 

testing and tele-audiology advancements in the assessment of and intervention for hearing loss, 181 

tinnitus, balance and vestibular problems (Reviewed in Koleilat et al., 2020; Shaikh et al., 2020). In 182 

the domain of ototoxicity, these include the use of validated tablet-based technology with high 183 

frequency and patient self-testing capabilities for assessment (e.g., Brungart et al., 2018; Samelli et 184 

al., 2020; Vijayasingam et al., 2020) and cochleotoxicity grading within a mobile device (e.g., 185 

Hollander et al., 2020). Emerging ototherapeutic clinical trials have promoted the use of optimal 186 

grading scales, hearing-related questionnaires and expanded diagnostic metrics to detect ototoxic 187 

adverse events (e.g., Henry et al., 2016; Konrad-Martin et al., 2016; King & Brewer, 2018; Poling et 188 

al., 2019). These advances justify the development of clinically feasible expert recommendations for 189 

incorporating ototoxicity management into the existing care pathways of patients with CF.  190 

 191 

                                              <INSERT TABLE I HERE> 192 

 193 

 Here, we present expert opinion regarding audiological service provision for patients with CF 194 

treated with known ototoxic medications. We also considered published national and international 195 

guidelines on ototoxicity monitoring for aminoglycoside antibiotics, along with selected key evidence-196 

based studies, in the development of these recommendations (referenced in Table I below and 197 

Supplemental Table S1).  198 

 199 

2.0 Methodology 200 

2.1 Development of a consensus statement on ototoxicity management in persons with CF 201 

The International Ototoxicity Management Working Group (IOMG) was formed in response to 202 

healthcare gaps in ototoxicity management worldwide at the 9th Biennial Conference of the National 203 
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Center for Rehabilitative Auditory Research (NCRAR) held in Portland, Oregon in September of 2019 204 

(NCRAR, 2020b). The IOMG executive team consists of a Chair (Dawn Konrad-Martin, Ph.D.), 205 

treatment co-chairs (Angela Garinis, Ph.D., Gayla Poling, Ph.D., Carmen Brewer, Ph.D., and Peter 206 

Steyger, Ph.D.), International chair (Lucretia Petersen, M.Sc.), environmental ototoxicants chair 207 

(Thais Morata, Ph.D.) and an Outreach and Dissemination Lead (Khaya Clark, Ph.D.). There are over 208 

35 IOMG committee members consisting of expert hearing scientists, audiologists, physicians, 209 

patients and doctoral students. The full IOMG roster is available on the IOMG website at: 210 

https://www.ncrar.research.va.gov/ClinicianResources/IOMG.asp (NCRAR, 2020b), 211 

 In January 2020, a subgroup of IOMG committee members volunteered to form the Focus 212 

Group on Aminoglycoside Antibiotics. The Focus Group initially met virtually on August 21, 2020 to 213 

develop an inventory of barriers and shortcomings of current clinical practices of ototoxicity 214 

management in patients receiving aminoglycoside therapies. The outcome of this meeting was to 215 

address an immediate need for standardized clinical protocols in patient groups who are routinely 216 

treated with aminoglycosides. The group collectively agreed that patients with CF were at a high risk 217 

of ototoxicity, and clinical guidance for CF centers, practitioners and patients was needed promptly. 218 

The scope of this CF-specific expert consensus protocol was to provide guidance on the optimal 219 

metrics for detecting ototoxicity, as well as the frequency of audiological monitoring during treatments. 220 

This foundational framework will lend to the future development of clinical guidelines and detailed 221 

best practice recommendations. We did not set out to formally follow a process for the development 222 

of these recommendations (e.g., Delphi consensus or Quaker process). Nevertheless, the final 223 

document followed an informal consensus-based strategy, using a comprehensive PubMed literature 224 

search and consensus from international researchers in ototoxicity and clinicians who manage 225 

patients with CF. The members of the group primarily communicated by sharing information through 226 

electronic applications and virtual discussions to develop and resolve differences in the 227 

https://www.ncrar.research.va.gov/ClinicianResources/IOMG.asp
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recommendations. Recommendations were further vetted through the larger IOMG at 228 

teleconferences and there was an opportunity to comment electronically via tracked changes 229 

submitted to the first and senior authors. All contributing authors were included in the document 230 

preparation, provided edits and approved the submission for publication.  231 

 232 

2.2 Scope of the Consensus Document 233 

This document aims to provide a practical and concise set of clinical considerations for 234 

implementing audiological care in pediatric and adult CF centers. These recommendations take into 235 

account: (i) common barriers to implementation of an ototoxicity management program, (ii) the 236 

necessity of routine audiological surveillance in patients with chronic disease undergoing treatments 237 

with potential for causing cochleotoxicity and/or vestibulotoxicity, and (iii) the long-term health and 238 

social consequences of potentially preventable hearing loss, tinnitus, balance and vestibular 239 

dysfunction that can result from ototoxic medications. 240 

 241 

3.0 Results and Discussion 242 

Targeted Clinical Considerations for Ototoxicity Management 243 

3.1 Utilize point-of-care measures to screen for ototoxicity  244 

Point-of-care (POC) measures of auditory and vestibular function should be completed in the 245 

CF center with coordinated follow-up of abnormal findings or the development of new hearing, 246 

tinnitus, balance or vestibular concerns. Such concerns or symptoms may be patient or caregiver 247 

reported or observed by the care team during a clinic visit. Table II provides details about POC 248 

measures and Figure 1 illustrates the implementation of POC measures into the CF care team 249 

referral pathway. CF centers should optimally partner with their institutional or local audiology clinic(s) 250 

to implement a POC ototoxicity management program (in-person or through telehealth options) that is 251 
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feasible for their center. Use of auditory and vestibular measures in CF care will provide a rapid 252 

assessment of ototoxicity, which may reduce loss to follow-up and also be convenient for patients 253 

who are unable to attend multiple clinic visits due to living proximity, lack of transportation, or illness.   254 

 255 

                                                   <INSERT TABLE II HERE> 256 

                                             <INSERT FIGURE 1 HERE> 257 

 258 

3.2 Include questions related to hearing, tinnitus, and balance/vestibular problems for all patients with 259 

CF in the routine clinical care visit. 260 

CF routine interval case histories conducted by a trained CF care team member or audiologist 261 

should include questions about hearing, tinnitus, balance and vestibular problems (see Figure 2), 262 

including date of last formal hearing and vestibular examinations. The inclusion of these questions 263 

should occur at each 3-month CF clinical care visit for any patient treated at a CF center (Cystic 264 

Fibrosis Foundation, 2018). The yes/no questions illustrated in Figure 2 are intended to identify 265 

patients who have developed a new auditory issue or ototoxicity symptom since their last CF clinical 266 

care visit. Subsequent clinical action based on the patient’s response will often lead to a referral from 267 

a member of the CF clinical care team to audiology, as described in Figure 1. A detailed 268 

understanding of past as well as new symptoms and concerns related to hearing, tinnitus, balance 269 

and vestibular concerns are critical components to early detection, therapeutic intervention, and 270 

prevention of continued damage (e.g., ASHA, 1994; AAA, 2009; Handelsman, 2018). 271 

 272 

                                                  <INSERT FIGURE 2> 273 

 274 

3.3 Complete baseline and post-treatment hearing evaluations for IV-ototoxic treatments. 275 
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 Patients with CF who are prescribed an IV course of a known cochleotoxic or vestibulotoxic 276 

agent should have a baseline ototoxicity monitoring evaluation (before or within 3 days of initial 277 

treatment dose) and a post-treatment ototoxicity monitoring evaluation no later than 3 months after 278 

completion of treatment (see Figure 3). Testing may be conducted using available POC measures by 279 

a trained CF care team member or audiologist, when appropriate. Establishing a baseline measure 280 

prior to administration (or as soon as possible after initial dosing) of ototoxic treatment helps serve as 281 

a reference for detecting significant changes in subsequent monitoring visits (ASHA, 1994; AAA, 282 

2009). These timeframes were selected to coincide with routine CF clinical care and to detect 283 

ototoxicity prior to the next IV course of treatment, which is often unpredictable for a given patient. 284 

Interim and immediate referral for audiological assessment audiology is recommended if the patient 285 

becomes symptomatic (hearing, tinnitus or balance/vestibular concerns), or if there are caregiver 286 

concerns before the next scheduled follow-up audiology evaluation. More frequent monitoring may be 287 

recommended for patients with pre-existing ototoxicity symptoms, particularly hearing loss, or those 288 

on prolonged courses of IV therapy, such as patients receiving amikacin for non-tuberculosis 289 

mycobacterial infection. These recommendations are considered the minimal degree of monitoring for 290 

patients on IV therapies, and are further supported by both new evidence that hearing loss can be 291 

evident even after one course of IV-aminoglycoside treatment for some patients with CF (Garinis et 292 

al., 2020; Zettner & Gleser, 2018), and that cumulative IV-aminoglycoside exposure increases one’s 293 

risk for progressive ototoxicity (Garinis et al., 2017). Such audiological data, combined with the 294 

patient’s response to case history questions (as those shown in Figure 2) are recommended for 295 

detecting a patient’s ototoxicity symptoms, and facilitating timely referral for audiological follow-up and 296 

ongoing ototoxicity management.  297 

 298 

                                                   <INSERT FIGURE 3> 299 
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 300 

3.4 Perform annual hearing and vestibular evaluations for all patients with CF exposed to ototoxic 301 

medications. 302 

Annual hearing and vestibular diagnostic evaluations are important to capture subtle changes 303 

in hearing and balance/vestibular function for all patients with CF. Changes to auditory function may 304 

occur from various sources such as genetic predisposition, noise, ear infections or the aging process. 305 

Ototoxic treatments, in addition to these other variables, may further exacerbate auditory and/or 306 

vestibular problems. Thus, routine annual hearing and vestibular evaluations should be considered 307 

for all pediatric and adult patients with CF, rather than limiting testing to patients receiving IV-ototoxic 308 

treatments (see Figures 1 and 3).  309 

As previously described, patients with CF receiving ototoxic treatments are at a high risk for 310 

developing ototoxicity and there is no evidence to predict the exact onset of symptoms in a given 311 

patient, particularly with inhaled aminoglycosides, thus routine monitoring is critical for early 312 

identification. (e.g., Al-Malky et al., 2015; Blankenship et al., 2021; Dreisbach et al. 2018; Earnest et 313 

al., 2020; Garinis et al., 2017; Garinis et al., 2020; Handelsman, 2018). Patients who have frequent 314 

episodic pulmonary exacerbations should be monitored more closely for ototoxicity symptoms, 315 

particularly since they will likely receive a greater cumulative dose of ototoxic treatments in a given 316 

year compared to patients without episodic exacerbations. The recommendation for annual 317 

audiological care supports the balancing of continued monitoring in a timeframe which aligns with 318 

ongoing follow-up with the CF care team. 319 

CF-specific annual hearing evaluations should include both behavioral and physiologic 320 

measures of auditory function to capture high frequency changes from ototoxic treatments. 321 

Recommended tests include: (i) hearing threshold determination for the extended high frequencies 322 

(beyond 8 kHz) and (ii) cochlear function via otoacoustic emission (OAE) measures to the highest 323 
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available test frequency, consistent with AAA (2009) and ASHA (1994) national guidelines. The value 324 

of prioritizing extended high-frequency evaluation for the earliest detection of ototoxic changes is well 325 

established (e.g., AAA, 2009; Konrad-Martin et al., 2016; Dreisbach et al., 2017; Poling et al., 2019). 326 

In patients with CF, higher frequency (>8 kHz) assessment tools for audiometry (Al-Malky et al., 2015; 327 

Garinis et al., 2017; Vijayasingam et al., 2020) as well as objective measures such as OAEs 328 

(Dreisbach et al., 2018) are recommended to detect ototoxicity. Pediatric or adult patients with CF 329 

who have never received an ototoxic drug would benefit from receiving these ototoxic-specific 330 

audiological protocols, given that they will likely receive a future ototoxic treatment for management of 331 

bacterial infections. Maintaining a baseline for comparison is crucial for those who develop drug-332 

induced auditory changes.  333 

Individuals with CF, particularly those on aminoglycoside antibiotics, consistently demonstrate 334 

a high rate of vestibular impairment warranting annual evaluation (Rogers & Petersen, 2011; 335 

Scheenstra et al., 2010; Handelsman et al., 2017; Blankenship et al., 2021). Variable symptoms and 336 

degrees of vestibulotoxicity (unilateral or bilateral) may present as oscillopsia, dizziness, motion 337 

sickness, or vertigo as well as unsteadiness with standing or walking (Ahmed et al., 2012; Black et 338 

al., 2001, 2004; Ishiyama et al., 2006; Handelsman, 2018). Histological studies in animals have 339 

suggested the mechanism of damage is likely due to loss of type I vestibular hair cells (e.g., Lyford-340 

Pike et al., 2007). Techniques for detecting vestibulotoxicity may vary depending on the specific 341 

vestibular symptoms and may include a thorough case history documenting past and current 342 

symptoms or assessment of handicap/disability using specialized instruments and/or bedside 343 

techniques (reviewed by Handelsman, 2018). The protocol should minimally include measures such 344 

as a Head Impulse Test and/or vHIT (video) examination and dynamic visual acuity assessment to 345 

diagnose ear-related balance/vestibular problems, either of which can be accomplished in a time-346 
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efficient and non-invasive POC approach. If available, rotational chair testing remains the gold 347 

standard to confirm bilateral vestibular weakness. 348 

Recommendations for objective testing suggest that an audiologist should be incorporated into 349 

the CF care team to direct ototoxicity monitoring, incorporate timely aural rehabilitation or 350 

recommendations for vestibular rehabilitation, and ensure continuity of audiologic care (i.e., 351 

ototoxicity management). When an audiologist is not available to conduct evaluations, an 352 

appropriately trained healthcare professional (e.g., nurse or medical assistant trained to administer 353 

hearing screenings) should be used to facilitate testing and referrals.  354 

 355 

4.0 Conclusions 356 

 The IOMG clinical care considerations for ototoxicity management in patients with CF were 357 

developed to address a critical need for identifying and advocating for incorporating audiological care 358 

into the CF care model. Effective management of ototoxicity is crucial for patient awareness and 359 

clinical decision making related to the long-term hearing health impacts of their treatment regimen, as 360 

well as guidance for rehabilitative follow-up (e.g., hearing amplification, vestibular rehabilitation, 361 

tinnitus management). To date, it is unknown to what extent novel CFTR modulator therapy will 362 

increase life expectancy of patients with CF, or what the long-term effects of pre-existing disease, 363 

including hearing loss, will have on a given individual’s quantity and quality of life. In addition, due to 364 

the changing landscape and challenges of health care, many outpatient appointments have shifted 365 

from in person to virtual and avoidance of clinical settings may be preferred for clinical care even 366 

when feasible in the future. Thus, novel solutions for efficient, remote ototoxicity monitoring metrics 367 

are also needed to facilitate routine hearing healthcare in this patient population, particularly in 368 

patients receiving home IV therapies. Thus, it is important to highlight the crucial need to improve 369 

hearing healthcare in this population given the likely advancement of age with its attendant risk for 370 
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presbycusis in combination with long-term ototoxicity effects on the quality and quantity of life in 371 

persons with CF. 372 

  373 
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Table I. Summary of ototoxicity monitoring and management guidance by professional organization 544 

 545 

Table II. Examples of point-of-care (POC) measures for ototoxicity symptoms 546 

 547 

Figure 1. Audiology referral flowchart for adult and pediatric patients with CF.  548 

 549 

Figure 2. CF-specific case history questions and referral pathway for POC testing and audiological 550 

management by a trained CF care team member or audiologist. 551 

 552 

Figure 3. Audiology referral recommendations for patients receiving new IV-ototoxic treatment.  553 

 554 

Supplemental Table S1. Selected publications of CF-specific evidence-based outcomes for 555 

ototoxicity. 556 
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Learning Outcomes 559 

• Readers will be able to describe the importance of incorporating ototoxicity management into 560 

the CF clinical care model. 561 

• Readers will be able to explain the differences between cochleotoxicity and vestibulotoxicity 562 

symptoms, and how to measure them using point-of-care testing options. 563 

• Readers will have a better understanding of the difficulties implementing a new healthcare 564 

program in a specialty clinic, such as CF.  565 
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