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Abstract

Objective—Despite its relatively high prevalence, our understanding of the natural clinical
course of acute low-tone hearing loss (ALHL) without vertigo remains incomplete. The purpose
of this study is to summarize the findings of studies that evaluated recovery from hearing loss
(HL), recurrence and/or fluctuation of HL, and progression to Meniere’s Disease (MD) of patients
presenting with ALHL without vertigo.

Methods—A scoping review of the English literature was performed. On May 14, 2020 and
July 6, 2022, MEDLINE, Embase, and Scopus were searched to identify articles related to
the prognosis of ALHL. To be included, articles had to present outcomes that were clearly
distinguishable for patients with ALHL without vertigo. Two reviewers evaluated articles for
inclusion and extracted data. Disagreements were adjudicated by a third reviewer.

Results—Forty-one studies were included. There was extensive heterogeneity between studies

in regards to defining ALHL, treatment methods, and time of follow up. Most of the cohorts (39
out of 40) reported partial or complete recovery of hearing in the majority (>50%) of patients,
although reports of recurrence were relatively common. Progression to MD was infrequently
reported. Shorter time from onset of symptoms to treatment predicted better hearing outcomes in 6
of 8 studies.

Conclusion—The literature suggests that although the majority of patients with ALHL
experience hearing improvement, recurrence and/or fluctuation are common and progression to
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MD occurs in a minority of patients. Additional trials utilizing standardized inclusion and outcome
criteria are needed to determine the ideal treatment for ALHL.

Lay Summary:

This scoping review found that the majority of patients with acute low-tone hearing loss
without vertigo experience hearing improvement. Recurrence and/or fluctuation are common and
progression to Meniere’s disease occurs in a small proportion of patients.
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INTRODUCTION

Acute low-tone hearing loss (ALHL) was first recognized as a distinct form of sudden
sensorineural hearing loss in 19821 It is commonly defined as sudden sensorineural hearing
loss (SSHL) confined to the lower frequencies without accompanying vertigo? 3. Reports
from epidemiologic studies have found that ALHL accounts for roughly 1 in 5 cases of
SSHL4. Despite its relatively high prevalence, our understanding of the natural clinical
course of ALHL remains incomplete.

There is a large body of literature from institutions in East Asia reporting the clinical
outcomes of patients presenting with ALHL. However, these studies mostly consist of
retrospective or prospective case series of patients adhering to specific treatment regimens,
thereby presenting an incomplete view of the overall clinical course of ALHL. An
epidemiologic study found that most patients with ALHL go on to experience complete

or partial recovery of their hearing loss (HL)>.

It has also been hypothesized that ALHL may represent an early manifestation of

Meniere’s disease (MD), given that a subset of patients with ALHL progress to having
MD®-8. Indeed, laboratory-based studies have demonstrated an association between ALHL,
endolymphatic hydrops, and MD, as characterized by positive glycerol test results®: 9,
abnormal electrocochleography®: 10: 11 demonstration of cochlear/vestibular hydrops as
well as saccular enlargement on magnetic resonance imaging? 12 13, and temporal bone
studies!® 15, Furthermore, a subset of patients who recover from ALHL go on to experience
fluctuating or recurrent low-tone HL®: 7:16-18 and other auditory manifestations of MD
without vestibular symptoms®. Given the limited sample size of these studies, however, it is
unclear what proportion of patients with ALHL actually go on to experience full-blown MD
or an intermediate disease state with recurrent ALHL.

No studies have attempted to condense all the available evidence regarding the clinical
progression of ALHL. A previous meta-analysis of three retrospective chart reviews
compared the odds of achieving hearing recovery in patients with ALHL treated with
steroids versus diuretics'®. Zhu et al found no difference in outcomes between those treated
with steroids versus diuretics. Notably, this meta-analysis did not incorporate the findings

of numerous retrospective and prospective studies because they lacked comparison treatment
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groups. The meta-analysis also did not evaluate rates of ALHL recurrence or progression
to MD. As such, a comprehensive evaluation of the world literature is needed to better
understand the natural history of ALHL, prognosis, and treatment outcomes.

A scoping review was therefore conducted to determine the extent of available evidence
and gaps in the English literature related to ALHL. The primary goal of this review
was to identify and characterize the clinical outcomes (recovery from HL, recurrence
and/or fluctuation of HL, and progression to MD) of patients presenting with ALHL.
The secondary goal was to summarize the clinical factors that have been reported to be
associated with favorable hearing outcomes.

METHODS

This scoping review was reported in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis Scoping Review (PRISMA-ScR) guidelines?0.

Scoping Literature Search

The literature search was composed by a medical librarian (author S.J.K.) and utilized
subject headings and keywords to represent the concepts of ALHL and prognosis. The
databases MEDLINE (via PubMed), Embase (via Elsevier), and Scopus (via Elsevier) were
searched from inception to May 14, 2020, with an additional search conducted on July 6,
2022. Non-human studies were removed. Reproducible search strategies are available in
Supplemental Digital Content 1. Per PRISMA guidelines, the protocol described above was
registered with the international prospective register of systematic reviews (PROSPERQ)
and is available for review?! (PROSPERO CRD42020189829).

All studies were imported into the online screening platform Covidence (Cochrane). Study
selection is depicted in Figure 1 (See Supplemental Digital Content 2 for PRISMA-ScR
checklist). All study abstracts were screened independently by two reviewers. Abstracts
which passed initial screening then underwent full-text review by two independent
reviewers. Studies were included or excluded based on the criteria below. Conflicts in both
abstract screening and full-text review were adjudicated by a third reviewer.

Inclusion/Exclusion Criteria

Studies were included if they met both of the following inclusion criteria:

1 Patients with either unilateral or bilateral ALHL, as defined by the study authors,
without concurrent vertigo.

2. The study reported any outcomes related to recovery from ALHL, recurrence
and/or fluctuation of HL, or progression to MD in patients with ALHL without
vertigo. If articles included patients with other types of HL or patients with
vertigo, then outcomes had to be clearly distinguishable for patients with ALHL
without vertigo.

Studies were excluded if they met either of the following criteria:

1 The focus of the study was on pediatric presentations of ALHL.
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2. The primary population of interest was ALHL presenting with concurrent
vertigo.

Cohorts with retrocochlear disease, history of otologic surgery, acoustic trauma, barotrauma,
acute or chronic otitis media, or history of MD were excluded. Non-English articles,

case reports (i.e., single patient studies), editorials, letters, comments, practice guidelines,
consensus development conferences, and book chapters were also excluded.

Data Extraction

The following data of interest were collected when available: study characteristics, patient
characteristics, and patient outcomes. Study characteristics included study design, country
of origin, study-specific audiometric definition of ALHL, and follow-up period. Patient
characteristics included demographics, laterality and severity of HL, presence of tinnitus,
medical comorbidities, vestibular evaluation, and interventions received. Patient outcomes
were defined by the study and included recovery from HL, recurrence and/or fluctuation

of HL, and progression to MD. Data were extracted independently by 2 reviewers and
discrepancies were resolved via discussion. Studies that had no treatment comparison groups
relative to the outcomes of interest were treated as case series during the data extraction
period

Extraction and Categorization of Outcome Data

For each given outcome of interest (recovery from HL, recurrence or fluctuation of ALHL,
and progression to MD), results were reported across all applicable studies. For recovery
from ALHL, studies often presented outcomes in four categories (“Complete Recovery”,
“Partial Recovery”, “No Change”, and “Progression”), with varying definitions for each
category.

Although studies often presented outcomes in four recovery categories (as described above),
other studies simply dichotomized recovery (e.g., “Any Recovery” vs. “No Recovery”).
Therefore, we reported the dichotomous outcomes when needed (“Improvement” vs. “No
Improvement”). Four-category outcomes were also converted to dichotomous outcomes

in the following manner: Complete and Partial Recovery were considered Improvement
while No Change and Progression were considered No Improvement. The findings of
studies which reported quantitative rather than categorical hearing outcomes were reported
separately.

Recurrence of ALHL, fluctuation of ALHL, and progression to MD were characterized
dichotomously (“Yes” or “No”). The range of follow-up periods for these outcomes was also
reported. Only 1 out of 12 studies'3 evaluating recurrence provided audiometric criteria for
defining recurrence while 7 out of 7 studies® 17: 18, 22-25 evaluating fluctuation provided
audiometric criteria for defining fluctuation. Therefore, the outcomes of recurrence and
fluctuation may have reflected the same event: worsening HL after initial HL recovery. In
accordance with this possibility, a separate outcome “Recurrence or Fluctuation of low-tone
hearing loss” was created by aggregating outcomes of either recurrence or fluctuation across
all studies.
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All outcomes of interest were stratified by the following treatment modalities: Systemic
Steroids alone, Diuretics alone, Steroid and Diuretic, No Steroid or Diuretic, and Treatment
Unspecified or Unclear. Cohorts in which “most” patients received a specific intervention

or for which treatment regimens “generally comprised” of specific interventions were
categorized into the Treatment Unspecified or Unclear group. The findings of cohorts treated
with intratympanic (IT) steroids for the treatment of ALHL were reported separately.

Clinical factors and their potential association with hearing outcomes were also extracted.
These factors were stratified by studies which evaluated associations without adjustment for
potential confounders, studies which evaluated associations with adjustment for potential
confounders, and epidemiologic studies. Epidemiologic studies were tabulated separately
due to their large sample sizes, and thus, greatly increased chance of detecting significant
associations.

A total of 2,831 studies were identified by the literature searches. Among these, 1,257
duplicates were removed and 1,574 articles were screened by title and abstract. A total of
305 full-text studies were reviewed for eligibility. One additional study’ was identified
within the references of one of the full-texts and manually added to the full-text review.
Among all full-texts reviewed, 41 studies3-8: 10. 13, 16, 17, 22-52 \yere determined to meet
the study inclusion and exclusion criteria and these studies subsequently underwent data
extraction (Figure 1).

Overview of Included Studies

Of 41 studies, 30 evaluated outcomes without comparison of interventions, 11 compared
outcomes by interventions, and 1 was an epidemiologic study. Of studies that compared
interventions for ALHL, only one®! was a randomized controlled trial. All other studies
were observational studies. A majority (34 out of 41 studies) originated from East Asia.
Four studies originated from institutions in Europe with no studies originating from North
America. Most studies (31 out of 41) were published in the 2000s or 2010s. The earliest
included study was published in 198634, Published studies consistently demonstrated a
female preponderance, and the age ranged from 14 to 77 years with the vast majority of
studies reporting a mean age of onset in the 4! decade of life. All included studies are
summarized in Table 1.

Definition of Low-Tone Hearing Loss

Among all included studies, 21 different audiometric criteria were used to define ALHL
(see Table 1). The most commonly used criterion (7 out of 41 studies) was the 2011 Acute
Profound Deafness Research Committee of the Japanese Ministry of Health, Labor, and
Welfare Definition of ALHL: the sum of thresholds at 125, 250, and 500 Hz must be 70 dB
or greater and the sum of thresholds at 2, 4, and 8 kHz must be 60 dB or less.
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Reported Treatment Modalities

Outcomes

Among the included papers, 13 studies reported hearing outcomes following administration
of systemic steroids alone, 4 studies following diuretics alone, 10 studies following a
combination of systemic steroid and diuretics, 8 studies following intratympanic steroids,
and 15 with other or unspecified treatments. Descriptions of all study cohorts in included
papers are displayed by treatment type in Supplemental Digital Contents 3-8.

A total of 32 studies evaluated recovery from HL, with reported mean or median follow-
up time ranging from one week?: 28 to 3.3 years39. Among these 32 studies, 15 studies
reported outcomes in four recovery categories and 30 studies reported outcomes that
could be dichotomized. Among these 30 studies, there were 40 distinct patient cohorts.

A cohort was defined as a group of patients receiving the same treatment within a study.
The overwhelming majority of study cohorts (39/40) reported a greater than 50% rate of
hearing improvement (i.e., >50% of patients in each cohort achieved some form of hearing
improvement) within a diverse range of follow up times. This was true whether or not an
intervention was provided and regardless of the treatment rendered. The rate of complete
hearing recovery was most frequently reported to occur in the 40-80% range for 14 out of
22 cohorts, regardless of treatment status. A summary of these studies and their outcomes
can be found in Supplemental Digital Contents 3-8. In addition to categorical outcomes,
recovery from HL was also reported using a variety of quantitative metrics in 13 studies
(Supplemental Digital Content 9).

A total of 18 studies evaluated recurrence or fluctuation of hearing loss following ALHL,
with reported mean or median follow-up time ranging from 8 weeks22 24. 25 tg 5.6

yearst6: 33 Though variable, the reported rates of fluctuation or recurrence were below

50% in all (21/21) cohorts. A total of 14 studies evaluated progression to MD with reported
mean or median follow-up time ranging from 1 year®® to 5.6 years'6: 33, The progression to
MD was consistently reported to occur in fewer than 40% of patients and was 20% or less in
10 out of 14 cohorts.

Clinical Factors Associated with Hearing Outcomes

Assessment of potential factors that may be associated with better hearing outcomes was
examined. Overall, very few studies reported on potential factors that may influence hearing
outcomes. Demographic factors such as age and sex were examined in 6 studies, time to
onset of treatment in 8 studies, severity of initial HL in 9 studies, presence of tinnitus in

2 studies, and other comorbid conditions such diabetes and hypertension in 3 studies. The
epidemiological study by Sato et al (2017) found that age, gender, time to onset of treatment,
and severity of initial loss were significant predictors of hearing outcome. Increased time

to onset of treatment was the most consistently reported risk factor for poorer hearing
outcomes across all clinical studies that examined this relationship (Table 2).
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DISCUSSION

This scoping review sought to understand the available evidence that characterizes the
clinical outcomes of patients presenting with ALHL in an effort to shape future research
inquiry and inform clinical practice. Due to heterogeneity in the populations of interest,
outcome measures, and follow-up periods, a systematic review with meta-analysis of the
current literature was deemed inappropriate.

General trends in the available data demonstrated that many ALHL patients experience
partial or complete recovery of hearing although reports of recurrence were relatively
common. Progression to MD was reported to occur in a minority of ALHL cases. Overall,
the literature consistently reported that shorter time to onset of treatment predicted better
hearing outcomes in those with ALHL. Among all studies that examine treatment effects

in this review, Suzuki et al.#8 authored the only observational study to control for potential
confounders while comparing different treatment modalities for ALHL. Their multivariate
analysis showed that systemic steroid treatment was significantly associated with hearing
recovery whereas diuretic treatment was not. The only randomized clinical trial®! compared
sequential diuretic and steroid treatment (i.e., steroids were only administered if the patient
did not achieve complete recovery within 2 weeks on diuretics alone) versus simultaneous
diuretic and steroid administration. The authors reported that sequential treatment was non-
inferior to simultaneous treatment. However, nearly one-third of all patients in the sequential
arm eventually required systemic steroid administration. The findings of these two studies
would suggest that systemic steroid administration may be slightly more effective than
diuretics in achieving hearing recovery in patients with ALHL. To definitively answer this
question however, additional studies and trials comparing steroid and diuretic treatment with
adjustment for potential confounders are required.

Despite the general observed trends in the literature, our scoping review has revealed
several remaining knowledge gaps. First, there is a dearth of literature on ALHL from
research institutions outside of East Asia. As such, it remains unknown whether the overall
prevalence and prognosis of ALHL is the same for other and more diverse populations. The
relative contribution of genetic, environmental, and social factors on disease presentation
and treatment response is unknown and warrants further investigation in more populations.
Epidemiologic surveys from research institutions outside of East Asia would help improve
our understanding of the overall global disease burden of ALHL, which may spur needed
advances in its identification and treatment. Second, more studies are needed to assess how
ALHL compares to other forms of SSHL regarding hearing recovery, recurrence of HL, and
the effect of treatment on recovery and recurrence. A handful of studies found that patients
with ALHL had both a higher rate of hearing recovery39 and HL recurrencel6: 33. 39, 44 than
patients with sudden high-tone deafness, but more studies are needed to compare outcomes
against other types of SSHL (pan-tonal loss, profound deafness). Third, a greater number
of longitudinal studies (with follow-up beyond 5 years) are needed to more accurately
determine the rates of recurrence/fluctuation and progression to MD for patients with
ALHL. Concurrently, quality-of-life studies are needed to help characterize the disease
burden of ALHL and identify potential strategies to mitigate these effects.
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Moving forward, consensus is needed regarding a common set of audiometric criteria

for the diagnosis of ALHL as well as the evaluation of hearing outcomes. Within our
review, there was significant variability in how hearing outcomes were reported and the
criteria used to define various outcome categories. The provision of raw audiometric

data as digital supplementary material would aid in advancing our understanding of this
disease entity across multiple populations. The duplication of previously published data or
patient cohorts should also be disclosed and highlighted to reduce bias. Similarly, studies
must have clear criteria for distinguishing recurrence from fluctuation of HL. Having
uniform methods for characterizing outcomes and high-quality studies that account for
confounders, would facilitate more robust systematic reviews and meta-analyses and allow
research groups to better determine optimal interventions for ALHL53-56, The selection of
a global standard would be a worthwhile goal and could be addressed through collaborative
action by international professional organizations of otolaryngologists and audiologists. In
addition to the methodological challenges encountered in the literature, there were additional
limitations. First, non-English articles were excluded in this scoping review and our results
may not reflect all the available literature on ALHL. Second, authors may have published
more than once on the same patient cohort, creating the possibility for duplicate data.

Calls by the National Institutes of Health and other funders to promote standardization and
transparency have increased in recent years and provides us even greater impetus to move
our fields forward to create accessible raw data and utilize standard ‘common data elements’
in our research. Consistent reporting on patient characteristics and treatment protocols are

a basic requirement to fill knowledge gaps, elucidate prognostic factors, and inform clinical
decision making and patient counseling.

CONCLUSIONS

While the literature suggests that the majority of patients with ALHL appear to experience
hearing improvement, recurrence and/or fluctuation are common. Progression to MD
appears to occur infrequently. Shorter time from onset of symptoms to onset of treatment
may be associated with better hearing outcomes. Additional studies and randomized
controlled trials utilizing standardized criteria for diagnosis, study inclusion and hearing
outcome are needed to determine the natural history and ideal treatment for ALHL.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Identification of studies via databases and registers

2,831 studies identified
through 3 database
searches*

1,257 duplicates removed

A4

1,574 studies screened by
title/abstract

1,269 studies irrelevant

A4

305 full-text studies assessed for
eligibility

265 studies excluded with
reasons:
128 Wrong Language
97 Wrong patient population
21 Did not characterize
outcomes of interest
9 Wrong study design
6 Research abstract only

A

1 study added by hand

41 studies included in qualitative
synthesis

Study inclusion flowchart.
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Table 2:

Reported Predictors of Better Hearing Outcomes
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No. Studies (without adjustment)2

No. Studies (with adjustment)

Epidemiological Studyb

Prognostic Factor

Age (Younger)

Sex (Female)

Time to Onset of Treatment (Shorter)
Severity of Initial Loss (Less Severe)
Tinnitus

Diabetes

Hypertension

ECOG (elevated SP/AP ratio)

ENGC

269
o6’
6/89
419/
12k
o3/
0/3m
1/37

1/20

1/2€
2120

12/

Yes

Yes

Yes

Yes

No

No

aNot including Sato et al. 2017

bSato etal. 2017

c L . . . .
Evaluated for association with progression to Meniere’s Disease

dAIatas, 2009; Choi et al., 2011; Jung et al., 2016; Lee et al., 2018; Psillas et al., 2019; Suzuki et al., 2006

ELee et al., 2018; Suzuki et al., 2006

fChoi et al., 2011; Jung et al., 2016; Lee et al., 2018; Psillas et al., 2019; Shin et al., 2021; Suzuki et al., 2006

gAIatas, 2009; Chang et al., 2016; Choi et al., 2011; Jung et al., 2016; Lee et al., 2018; Psillas et al., 2019; Shin et al., 2021; Suzuki et al., 2006

hLee etal., 2018; Suzuki et al., 2006

IAIatas, 2009; Choi et al., 2011; Im et al., 2016; Inui et al., 2019; Jung et al., 2016; Lee et al., 2018; Roh et al., 2015; Suzuki et al., 2006; Wang et

al., 2010
JLee et al., 2018; Suzuki et al., 2006

kChoi etal., 2011; Jung et al., 2016

/Jung etal., 2016; Lee et al., 2018; Shin et al., 2021

mJung etal., 2016; Lee et al., 2018; Shin et al., 2021

nChoi etal., 2011; Im et al., 2016; Kim et al., 2020

OFushiki et al., 2009; Im et al., 2016
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