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Introduction

Acute low-tone hearing loss (ALHL), which was previous-
ly classified as a subset of sudden sensorineural hearing loss 
(SNHL), is now presumed to be an independent disease iden-
tity as an early stage of Meniere’s disease (MD) since its first 

description by Abe in 1982.1) Patients with ALHL frequently 
complain symptoms such as tinnitus, ear fullness, hearing 
changes and autophony, some of which are distinctive symp-
toms noted in patients with MD and endolymphatic hydrops. 
Clinical features of ALHL include predominance of female 
patients, peak incidence during fourth decade of life, tinnitus, 
ear fullness, autophony, mild dizziness, and suspicion of bilat-
eral involvement.2) ALHL is known to show complete or par-
tial spontaneous recovery in more than 80% of patients with-
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Background and Objectives   Acute low-tone hearing loss (ALHL) is gaining attention as an 
independent disease identity with close association with endolymphatic hydrops and early stage 
Meniere’s disease (MD). This study aims to compare patients of ALHL with patients exhibiting 
low-tone hearing loss and ear fullness without vertigo in various audio-vestibular assessments 
and in progression to overt MD.
Subjects and Method   A total of 249 patients with low-tone hearing loss with ear fullness 
without vertigo was enrolled in this study. Of these patients, 58 patients met criteria for ALHL, 
which was defined as having an average hearing loss of ≥30 dB at 125, 250, and 500 Hz and ≤20 
dB at 2, 4, and 8 kHz. Demographics, electrocochleography (ECoG) abnormality, rate of hearing 
improvement, vestibular functions, and progression to MD were analyzed. 
Results   An average low-tone hearing loss of ALHL patients was 42.8 dB, which recovered 
to 18.9 dB following a combined treatment of diuretics and oral steroid therapy. The hearing 
recovery rate of this group was 87.9% and the ECoG abnormality ratio was 42.5%. Also, 15.5% 
of ALHL patients eventually progressed to MD.
Conclusion   This study described demographics and characteristics of ALHL, demonstrating 
a successful response to the combined treatment of diuretics and oral steroid. Also, this report 
demonstrated a close relationship between the degree of low-tone hearing loss and ECoG ab-
normality and observed the progression to MD in ALHL patients. These data can be usefully 
applied in clinical setting to explain clinical outcomes of ALHL.
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in 3 months, but recurrence of low-tone loss or progression to 
MD may occur in 10-20% of patients.3) Although audiometric 
definition of ALHL is not fully established, Study Group for 
Acute Profound Deafness Research Committee of the Minis-
try of Health, Labor, and Welfare of Japan defines ALHL as 
sum of hearing levels in affected ears at three low frequencies 
(125, 250, and 500 Hz) as 70 dB or more, and the sum of hear-
ing levels at three high frequencies (2, 4, and 8 kHz) as 60 dB 
or less.4) In the article by Choi, et al.,5) audiometric diagnos-
tic criteria defines ALHL as average hearing threshold at the 
three low frequencies as 30 dB or more, and average hearing 
threshold at three higher frequencies as 20 dB or less. In the 
previous study, demographic data of patients with low-tone 
hearing loss of more than 10 dB and ear fullness without ver-
tigo was analyzed.6) This data was compared to the ALHL 
subgroup classified according to the recent diagnostic crite-
ria as described above. Response to oral steroid and diuretic 
treatment in each patient group was evaluated and electroco-
chleography (ECoG) results were compared amongst the sub-
classifications of low-tone hearing loss groups. Also, vestibu-
lar function test results were compared between the affected 
and the normal ear in ALHL group. Some of the limitations 
from the previous study were small number of patient enroll-
ment and lack of evaluation of progression to MD.6) This 
study aims to compensate some of these limitations by ana-
lyzing findings above with greater number of patients over 
longer follow up periods and also by analyzing progression 
to MD.

Subjects and Method

Study design
This retrospective study was approved by Institutional Re-

view Board of the Medical Center (IRB No. 2018AN0429). All 
patients who visited our clinic with low-tone hearing loss of 
more than 10 dB at 125, 250, and 500 Hz and ear fullness with-
out vertigo from 2010 to 2018 were enrolled in the study (symp-
tom onset within 2 weeks). Patients who visited the clinic with 
above symptoms were noted separately on their first visit for 
further chart review in the future.

The criteria for ALHL without vertigo were as follows: 1) 
acute onset SNHL with ear fullness within 2 weeks with nor-
mal tympanic membrane ear and middle ear anatomy; 2) an 
average hearing threshold of ≥30 dB at 125, 250, and 500 Hz 
and ≤20 dB at 2, 4, and 8 kHz; 3) hearing loss not of typical 
sudden SNHL defined as a hearing impairment of at least 30 

dB over at least three contiguous frequencies, occurring over 
a period of 72 hours or less; 4) no vertigo, spontaneous nys-
tagmus, or known cause of SNHL; and 5) normal brain pa-
thology confirmed by posterior-fossa MRI.6) Patients with “no 
significant brain tumor/lesion” by brain/posterior-fossa MRI 
were excluded from the study.

These patients underwent audio-vestibular assessments, 
posterior-fossa MRI, and medical treatment. Medical treatment 
of low-tone hearing loss consisted of initial 60 mg methylpred-
nisolone which was tapered over course of 14 days and 25 mg/
day hydrochlorothiazide at least 3 month duration. Pure tone 
audiometry (PTA) thresholds were measured at 125, 250, 500, 
1000, 2000, 3000, 4000, and 8000 Hz and tests were performed 
on the patient’s first visit and first, second, fourth, and twelfth 
week follow-ups. The PTA test results of the first visit were 
compared with the best result amongst the four follow-up tests. 
Hearing recovery in ALHL was defined as improvement of 
mean hearing in three low frequencies (125, 250, and 500 Hz) 
by 10 dB or more from the initial hearing thresholds.4)

Audio-vestibular assessments comprised of ECoG, vestibu-
lar evoked myogenic potential (VEMP) tests, and caloric tests. 
External auditory canal recording with 95 dBnHL click stim-
uli was used for ECoG assessment. Likewise, 90 dBnHL al-
ternating tone burst stimuli was used for cervical VEMP. These 
tests were performed on the ALHL group and the results of 
the affected side were compared with those of the normal side. 
ECoG summating potential (SP)/action potential (AP) ratio 
of 0.34 or greater was considered abnormal and VEMP inter-
aural amplitude difference (IAD) ratio greater than 0.2 was 
considered abnormal (KUMC vestibular laboratory standard). 

The total low-tone hearing loss group of 249 patients were 
subdivided into four categories depending on the severity of 
hearing loss. The first group consists of patients with average 
low-tone hearing threshold (125, 250, and 500 Hz) between 
10 and 20 dB. The second group consists of patients with av-
erage low-tone hearing threshold between 20 and 30 dB. The 
third group is the ALHL group with average low-tone hearing 
threshold greater than 30 dB and preserved high-frequency 
hearing. The fourth group consists of patients with average 
low-tone threshold greater than 30 dB combined with increased 
high-frequency hearing threshold (2, 4, and 8 kHz) greater 
than 20 dB. The patients were divided into four subclassifi-
cations to analyze and compare ECoG abnormality ratio and 
hearing recovery rate among the four groups.
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Statistical analysis
Data were presented as mean±standard deviation. A paired 

t-test was used to analyze paired data and analysis of variance 
was used to analyze multiple groups. Statistical analyses were 
performed using Statistical Package for Social Sciences (IBM 
SPSS Statistics 22; IBM Corp., Armonk, NY, USA) and data 
were considered statistically significant when p<0.05.

Results

Demographic data
Demographic data are shown in Table 1. Total of 249 pa-

tients (mean age: 43.8±14.1 yrs) visited our clinic complain-
ing symptoms of low-tone hearing loss and ear fullness with-
out vertigo. Of these patients, 58 patients (mean age: 39.3±
12.9 yrs) satisfied criteria for ALHL. The distributions of sex 
and affected side are presented in Table 1. The mean ECoG 
value was 0.31±0.11 in the total low-tone hearing loss group 
and 0.31±0.10 in the ALHL group. The VEMP IAD ratio was 
0.14±0.38 in the total group and 0.18±0.39 in the ALHL group. 
The mean values of ECoG and VEMP IAD results were not 
significantly different between the total and ALHL group 
(p=0.97 and p=0.59, respectively).

Hearing changes in the low-tone hearing loss group 
(n=249)

The total low-tone hearing loss group composed of 249 pa-
tients. The initial PTA showed mean low-tone hearing loss of 
35.6 dB (38.9 dB at 125 Hz, 36.5 dB at 250 Hz, and 31.3 dB 
at 500 Hz). The mean low-tone hearing improved to 26.2 dB 
(29.1 dB at 125 Hz, 26.9 dB at 250 Hz, and 22.8 dB at 500 Hz) 
after steroid and diuretics therapy. Fig. 1 shows improvement 
of hearing loss before and after the combination therapy.

Hearing changes in the ALHL group (n=58)
The initial mean low-tone hearing loss was 42.8 dB (46.6 dB 

at 125 Hz, 44.4 dB at 250 Hz, and 37.4 dB at 500 Hz). The hear-
ing recovered to 18.9 dB (20.9 dB at 125 Hz, 20.0 dB at 250 Hz, 
and 15.6 dB at 500 Hz) following steroid and diuretics therapy. 
Hearing recovery by more than 10 dB was seen in 87.9% (51/58) 
of patients. Fig. 2 shows improvement of hearing loss before 
and after the combination therapy. Of 51 patients, 23.5% (12/51) 
showed hearing recovery between 10 and 20 dB, 33.3% (17/51) 
between 20 and 30 dB, 29.4% (15/51) between 30 and 40 dB, 
11.8% (6/51) between 40 and 50 dB, and 2.0% (1/51) greater 
than 50 dB. There was statistically significant positive linear 

Table 1. Patients demographic data

Low-tone hearing loss ALHL

Number of patients 249 58
Age 43.8±14.1 39.3±12.9
Gender (men:women) 75:174 19:39
Affected side (right:left) 82:167 21:37
ECoG 0.31±0.11 0.31±0.10
VEMP IAD 0.14±0.38 0.18±0.39
In total, 249 patients exhibit low-tone hearing loss of more than 
10 dB without vertigo in this study. Out of 249 patients, 58 pa-
tients exhibited ALHL. ECoG and VEMP IAD values are not sig-
nifcantly different between the two groups. ALHL: acute low-
tone hearing loss, ECoG: electrocochleography, VEMP IAD: 
vestibular evoked myogenic potential inter-aural amplitude 
difference

Fig. 1. Low-tone hearing loss and recovery. Low-tone hearing loss 
group included a total of 249 patients with symptoms of low-tone 
hearing loss more than 10 dB and ear fullness without vertigo. 
Mean low-tone hearing loss was 35.6 dB (38.9 dB at 125 Hz, 36.5 
dB at 250 Hz, and 31.3 dB at 500 Hz) in the PTA. This hearing loss 
recovers to 26.2 dB (29.1 dB at 125 Hz, 26.9 dB at 250 Hz, and 
22.8 dB at 500 Hz) following combined treatment of diuretic and 
oral steroid therapy. Low-tone hearing loss recovers significantly 
after therapy, particularly at 125, 250, 500, and 1000 Hz (*p<0.001, 
paired t-test). Opposite normal hearing is represented in the PTA. 
PTA: pure tone audiometry.
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Fig. 2. ALHL and recovery. ALHL group included fifty eight out of 
249 patients with low-tone hearing loss more than 10 dB. Mean 
ALHL was 42.8 dB (46.6 dB at 125 Hz, 44.4 dB at 250 Hz, and 
37.4 dB at 500 Hz) in the PTA. This hearing loss recovers to 18.9 
dB (20.9 dB at 125 Hz, 20.0 dB at 250 Hz, and 15.6 dB at 500 Hz) 
following combined treatment of diuretics and oral steroid therapy. 
Hearing recovery of more than 10 dB occurred in 87.9% (51/58) of 
patients and ALHL recovers significantly after therapy, particularly 
at 125, 250, and 500 Hz (*p<0.001, paired t-test). Opposite normal 
hearing is represented in the PTA. ALHL: acute low-tone hearing 
loss, PTA: pure tone audiometry.
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relationship between degree of hearing loss and degree of hear-
ing recovery (*p<0.001, univariable linear regression). Fig. 3 
shows that majority of patients with severe low-tone hearing 
loss showed good response to diuretic and steroid treatment, 
and showed significant recovery. 

Sub-classification in low-tone hearing loss
The total low-tone hearing loss group of 249 patients were 

subdivided into four categories depending on the severity of 
hearing loss. Table 2 describes details of sub-classification of 
the patients. The mean ages of the four subgroups were 36.5± 

11.4, 39.7±14.2, 39.3±12.9, and 51.6±12.8 years respectively. 
ALHL composed of 58 out of 249 patients (23.3%). This group 
showed the greatest ECoG abnormality ratio (42.5%), although 
the correlation between the degree of low-tone hearing loss 
and ECoG value was not statistically significant (p=0.09, uni-

variable linear regression). ALHL group also showed the great-
est hearing recovery rate (87.9%), defined as recovery of aver-
age hearing in three low frequencies of 125, 250, and 500 Hz 
by 10 dB or more. 

Vestibular function test results in ALHL
The average ECoG SP/AP ratio of the affected ear in the 

ALHL group was 0.31±0.11, which was meaningfully higher 
than the average value of the normal hearing side (0.23±0.07, 
p<0.001). The average amplitude of VEMP was 114.4±125.9, 
which was also significantly different from the value of the 
normal side (140.1±106.9, p<0.001). Caloric test showed ca-
nal paresis of 27.7±30.5% and directional preponderance of 
4.5±12.3%. There was no other meaningful correlation be-
tween degree of hearing loss and other vestibular function 
assessments. 

Progression to MD in ALHL
Long-term follow up of the ALHL group was studied to 

evaluate progression to MD. Amended 2015 criteria recog-
nizes only two categories of MD; definite and probable. Over 
average period of 7.4 months, 9 out of 58 patients (15.5%) pro-
gressed into definite and 8 out of 58 patients (13.8%) pro-
gressed into probable MD (total 17 out of 58 patients, 29.3%). 
Average low-tone hearing loss in definite MD group was 41.8 
dB, approximately 38.6 dB worsened compared to initial PTA. 
Likewise, the average low-tone hearing loss in probable MD 
group was 25.3 dB, approximately 11.6 dB worsened compared 
to initial PTA. To all patients who progressed into MD, hydro-
chlorothiazide and occasional alprazolam or dimenhydrinate 
were prescribed for vertigo symptom control. One patient was 
treated with isobide solution temporarily. No patient was treat-
ed with intratympanic gentamycin or surgical intervention.

Fig. 3. In acute low-tone hearing loss, there was statistically sig-
nificant positive linear relationship between degree of hearing loss 
and degree of hearing recovery (p<0.001, univariable linear re-
gression). Majority of patients with severe low-tone hearing loss 
showed good response to diuretic and steroid treatment, and 
showed significant recovery. PTA: pure tone audiometry.
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Table 2. Sub-classification of low-tone hearing loss

Distribution ratio (%) ECoG abnormality ratio (%) Hearing recovery rate (%)

10 dB ≤125, 250, 500 Hz ＜20 dB 50 (20.1) 12/44 (27.3) 36/50 (72.0)

20 dB ≤125, 250, 500 Hz ＜30 dB 48 (19.3) 9/34 (26.5) 41/48 (85.0)

125, 250, 500 Hz ≥30 dB & 2, 4, 8 kHz ≤20 dB (ALHL) 58 (23.3) 17/40 (42.5) 51/58 (87.9)

125, 250, 500 Hz ≥30 dB & 2, 4, 8 kHz ≥20 dB 93 (37.3) 26/67 (38.8) 37/93 (39.8)

Total 249 (100) 64/185 (34.6) 165/249 (66.3)

All patients of low-tone hearing loss of more than 10 dB without vertigo were sub-classifed to four groups according to degree of 
hearing loss, and details of sub-classifcation are described as above. ALHL (23.3% of all low-tone hearing loss patients) showed 
highest ECoG abnormality rate of 42.5% (17/40, ECoG value≥0.34) and greatest hearing recovery rate of 87.9% (51/58, improve-
ments of average hearing in three low frequencies of 125, 250, and 500 Hz by more than 10 dB from initial audiogram). ALHL: 
acute low-tone hearing loss, ECoG: electrocochleography
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Discussion

With incidence as high as 65.8 per 100000 population, ALHL 
is recently receiving more attention regarding its epidemiolo-
gy, treatment, and prognosis.7) In this study, the demographic 
data showed marked female preponderance and peak inci-
dence during fourth decade of life, which is comparable to de-
mographic data in previous literature.8) Of 249 patients who 
visited our clinic complaining of low-tone hearing loss and ear 
fullness without vertigo, approximately 20% met criteria for 
ALHL. 

ALHL is now considered an independent disease identity 
with close relationship to cochlear hydrops and autoimmune 
response, and numerous investigations have been performed 
that proved clinical efficacy of steroid and diuretics.9) Diuret-
ics reduce endolymphatic hydrops by osmotic dieresis and glu-
cocorticoids reverse endolymph sodium-potassium imbalance, 
a treatment combination which gives the best hearing recov-
ery outcome compared to a modality alone.10)

Sub-classification of hearing loss depending on severity of 
hearing loss shows varied hearing recovery rate. The ALHL 
group showed best hearing recovery rate by 87.9%. When high-
tone loss was combined with low-tone loss, hearing recovery 
rate was only 39.8%; this may be due to poorer response to di-
uretics and steroid in this group of patients with higher average 
age (51.6±12.8 yrs) compared to the average age of patients in 
ALHL group (39.3±12.9 yrs). Study of such association be-
tween degree of hearing loss and recovery allows clinicians 
to predict prognosis of varying degrees of low-tone hearing 
loss and explain possible outcomes to patients.

In this study, approximately 27% (21/78) of patients in the 
first two groups in the sub-classification of all patients showed 
ECoG abnormality. Meanwhile, 40% (43/107) of patients in 
the last two groups with greater degree of low-tone hearing 
loss were presented with ECoG abnormality (Table 2). Also, 
mean ECoG SP/AP ratio of the affected ear of the ALHL group 
is 0.31±0.11, which is significantly higher than the ratio of the 
normal hearing side (0.23±0.07) (Table 3). These findings fur-
ther support cochlear endolymphatic hydrops as main patho-
physiology of ALHL. Previous literature explain that enlarged 
SP/AP ratio is associated with greater hearing loss and lon-
ger duration of disease.11) Relatively low percentage of SP/AP 
abnormality in the first two groups of sub-classification may 
be due to yet undeveloped hair cell malfunction despite pres-
ence of endolymphatic hydrops.12) 

In addition to SP/AP ratio, the mean amplitude of VEMP of 

ALHL group was 114.4±125.9, which was also significantly 
different from normal hearing side (140.1±106.9). Saccule is 
a frequent site of hydrops formation second to cochlea.13) In 
2004, Wu and Young13) have reported normal VEMP ampli-
tude in majority of ALHL patients, suggesting that hydrops 
formation is commonly spared in saccule. However, more re-
cent study by Wang, et al.14) shows simultaneous involvement 
of saccule and cochlea in ALHL patients, and that IAD of 
VEMP well correlates with hearing outcomes, and potential-
ly the outcomes of ALHL.

Relationship between ALHL and cochlear hydrops or ear-
ly stage of MD has been discussed in many previous litera-
tures.9) In this study, 58 ALHL patients’ medical records on 
symptoms of vertigo and hearing tests in follow up visits were 
reviewed to evaluate progression to MD. For patients without 
appropriate records, phone interviews were done. MD was 
categorized into definite and probable diseases according to 
consensus document of the Barany Society. Definite MD is 
defined as two or more episodes of vertigo lasting between 
20 minutes and 12 hours with low- to medium- frequency 
SNHL accompanied by aural symptoms such as tinnitus or 
fullness and probable MD is defined as two or more episodes 
lasting between 20 minutes and 24 hours with aural symp-
toms.15) Over average period of 7.4 months, 9 out of 58 patients 
(15.5%) progressed into definite and 8 out of 58 patients (13.8%) 
progressed into probable MD. This data is comparable to pre-
vious reports which described progression rate between 11-
24% (Table 4).16-19)

A limitation in this study is that records and hearing tests 
of only the last follow up were evaluated for studying progres-
sion to MD. Therefore, observations of aggravation or im-
provement of symptoms between the initial and final check-
ups may be lacking. Also, because vestibular function tests 
were performed after initiation of medical treatment, some 

Table 3. Vestibular laboratory results of ALHL

ALHL Normal hearing side

ECoG 0.31±0.11 0.23±0.07
VEMP 114.4±125.9 140.1±106.9
Caloric CP (%) 27.7±30.5
Caloric DP (%) 4.5±12.3
Mean ECoG SP/AP ratio is 0.31±0.11, which is significantly high-
er than normal hearing side (0.23±0.07, p＜0.001). The mean 
amplitude of VEMP of ALHL group was 114.4±125.9, which was 
also significantly different from normal hearing side (140.1±

106.9, p＜0.001). Caloric test showed CP of 27.7±30.5% and DP 
of 4.5±12.3%. ALHL: acute low-tone hearing loss, ECoG: elec-
trocochleography, VEMP: vestibular evoked myogenic poten-
tial, CP: canal paresis, DP: directional preponderance, SP/AP: 
summating potential/action potential
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patients may have recovered partially or perhaps completely 
from hearing loss at the point of vestibular function tests. 
This limitation may interfere with accurate interpretation of 
the test results. Also, there may be recall bias of data for pa-
tients who were phone interviewed to recollect their symp-
toms from a while back. 

This study described demographics and characteristics of 
ALHL, presenting satisfying response to combined treatment 
of diuretics and oral steroid. Also, close relationship between 
degree of low-tone hearing loss and ECoG abnormality was 
reported. Finally, observations of progression to MD in a per-
centage of ALHL patients were made. These data can be use-
fully applied in clinical setting to explain clinical outcomes 
of ALHL.

In this study, average low-tone hearing loss of ALHL group 
was 42.8 dB (46.6 dB at 125 Hz, 44.4 dB at 250 Hz, and 37.4 
dB at 500 Hz) which recovered to 18.9 dB following combined 
treatment of diuretics and oral steroid therapy. The hearing 
recovery rate of this group was 87.9% and ECoG abnormality 
ratio was 42.5%, highest amongst all sub-classifications of 
the total low-tone hearing loss group. In the ALHL group, 
15.5% of patients eventually progressed to MD.
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Table 4. Rate of progression to definite MD

Study Rate of progression (%) Description of ALHL

Yamasoba, et al.16) 11 125, 250, 500 Hz SUM ＞100 dB and 2, 4, 8 kHz SUM ＜60 dB
Fushiki, et al.17) 12.5 125, 250, 500 Hz SUM ＞70 dB and 2, 4, 8 kHz SUM ＜60 dB
Oh, et al.18) 15.6 Average of 125, 250, 500 Hz ≥30 dB
Oishi, et al.19) 24, 17, 24 125, 250, 500 Hz SUM ≥70 dB (low-, high-, pan-frequency hearing loss, consecutively)

Kim HJ 15.5 Average of 125, 250, 500 Hz ≥30 dB and average of 2, 4, 8 kHz ≤20 dB
In this study, 15.5% of ALHL patients progressed to MD. Previous studies reported various rates of progression to MD (between 11-

24%). MD: Meniere’s disease, ALHL: acute low-tone hearing loss




