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Sudden sensorineural hearing
loss as the initial symptom in
patients with acoustic neuroma

Mengtao Song'?, Dayong Wang'?, Jin Li*?, Guohui Chen'?,
Xiaolong Zhang'?, Hongyang Wang'?* and Qiuju Wang'?*

!College of Otolaryngology, Head and Neck Surgery, Institute of Otolaryngology, Chinese People’s
Liberation Army General Hospital, Beijing, China, ?National Clinical Research Center for
Otolaryngologic Diseases, Beijing, China

Background: Previous studies have shown that patients with acoustic neuroma
(AN) sometimes present with sudden sensorineural hearing loss (SSNHL) as an
initial symptom. The purpose of this research was to investigate the clinical
characteristics, diagnosis, and treatment of AN in patients initially diagnosed
with SSNHL.

Materials and methods: We reviewed retrospectively the medical records
of all patients who were treated as SSNHL initially and were later diagnosed
with AN after undergoing magnetic resonance imaging (MRI) at our hospital
between 2008 and 2021. Patient demographics, associated complaints (mostly
tinnitus and vertigo), the severity of hearing loss, audiogram configurations,
auditory brainstem response (ABR), and MRI examination were reviewed and
analyzed. In addition, treatment outcomes and management protocols were
also included in this study.

Results: A total of 10 (0.7%, 10/1,383) patients presented with SSNHL as the
initial symptom and were diagnosed as AN by MRI finally. Of the 10 patients
enrolled in this study, four were men and six were women. The average age at
the time of diagnosis of SSNHL was 46.2 + 13.16 years. These patients exhibited
varying severity of hearing loss and a variety of audiogram configurations. All
patients showed an abnormal ABR. According to the Koos grading standard,
there were 5 grade | (intracanalicular [IAC]) tumors, 3 grade Il tumors, and 2
grade Il tumors. The treatment outcome revealed that 2 patients exhibited
recovery of the average hearing of impaired frequency by more than 15 dB,
and 6 patients showed no recovery. Furthermore, four patients were referred to
undergo surgical treatment after being diagnosed with AN, 1 patient accepted
stereotactic radiation therapy, and the remaining 5 patients were on a “wait and
scan” strategy.

Conclusion: The hearing loss of patients with AN presented with SSNHL may
improve with drug treatment. Hearing recovery for SSNHL does not exclude the
presence of AN, and all patients initially diagnosed with SSNHL should undergo
MRI and ABR to prevent misdiagnosis and delays in potential treatment.
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acoustic neuroma, sudden sensorineural hearing loss, pure-tone audiometry, auditory
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Introduction

Sudden sensorineural hearing loss (SSNHL) is defined
as a rapid-onset sensorineural hearing loss of >20 decibels
(dB), affecting at least 2 consecutive frequencies that occurred
within 72h with no identifiable cause (1). The incidence of
SSNHL is reported to be 5-20 per 100,000 individuals, with
about 66,000 new cases per year in the United States (2). An
epidemiological survey in Japan revealed that the incidence
of SSNHL was 60.9 per 100,000 population (3). In China, the
prevalence of SSNHL has been on the rise in recent years,
but large samples of epidemiological data are lacking. For
patients suffering from SSNHL, more than 90% of cases are
idiopathic and the remainder is due to causes such as acoustic
neuroma, stroke, malignancy, Menieres disease, trauma,
autoimmune disease, syphilis, Lyme disease, and perilymphatic
fistula (4, 5).

Acoustic neuroma (AN) is known as a benign tumor that
originates from the superior or inferior vestibular branch of
the cochleovestibular nerve within the internal auditory canal
(IAC) and grows into the cerebellopontine angle (CPA) (6).
Sensorineural hearing loss is the major presentation of patients
with AN, and patients with AN can present with SSNHL as
an initial symptom occasionally (7-9). According to previous
studies, the reported prevalence of AN in patients presenting
with SSNHL ranges from 1.8 to 5.2% (10, 11). As a result
of the increasingly widespread use of magnetic resonance
imaging (MRI), more patients with AN than expected have
been detected among those with SSNHL. MRI is regarded
as the gold standard for imaging diagnosis of AN. In the
meantime, the auditory brainstem response (ABR) test is
recommended for the initial assessment of patients with SSNHL
when appropriate, and it is highly sensitive to AN larger
than 10 mm in size (10). AN is the most frequently observed
MRI abnormality in patients with SSNHL (9). According to
the American Academy of Otolaryngology-Head and Neck
Surgery (AAO-HNS) guidelines, MRI or ABR should be used
for the retrocochlear pathology evaluation of patients with
SSNHL (2).

Previous studies have found that hearing can improve
with corticosteroid treatment in patients with AN initially
presenting with SSNHL (12-14) and that drug therapy is usually
administered before MRI is performed. As a result, some
physicians may assume that patients with SSNHL who respond
to steroid therapy could effectively exclude the presence of AN,
which leads to delays in the diagnosis. Since a small number of
patients with SSNHL whose hearing loss is caused by AN, which
is also prone to clinical misdiagnosis and missed diagnosis.

In the present study, we conducted a retrospective study
of 10 patients with AN presenting with SSNHL as an initial
symptom, with the aim of clarifying the detailed clinical features
of the disease and the efficacy of treatment, and guiding
clinicians to prevent misdiagnosis.
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Methods
Study design and participants

We reviewed retrospectively the medical records of all
patients admitted to our hospital between 2008 and 2021 who
were initially treated as SSNHL and were later diagnosed as
AN after undergoing MRI. All patients enrolled in the study
underwent a targeted MRI scan of the brain and were treated
for at least 7 days with drug therapy. These patients met the
clinical diagnostic criteria for SSNHL, which is defined as a
sensorineural hearing loss of 20 dB or more over at least 2
contiguous frequencies that develops within 3 days (1). Data
collection included patient demographics, associated complaints
(mostly tinnitus and vertigo), results of pure-tone audiometry
(PTA), ABR, and MRI examination. Exclusion criteria included
known previous or progressive hearing loss, AN that had
been diagnosed before SSNHL occurred, and another inner-ear
disease. Patients who did not undergo MRI examination were
also excluded.

Audiological assessment

All patients received the essential audiological examinations,
such as pure-tone audiometry (GSI-61 dual channel diagnostic
audiometer), speech recognition score (detected via GSI-61
clinical audiometer, with the acoustic stimulus of speech signal),
and ABR. The severity of hearing loss was classified based on
the criteria of the World Report on Hearing published by the
World Health Organization (WHO) in 2021 (15). According to
this criterion, the severity of the hearing loss is categorized into
7 grades based on hearing thresholds measured with PTA at 0.5,
1,2, and 4 kHz:

1. Normal Hearing, the Mean Hearing Threshold 20 dB;

2. Mild Hearing Loss, the Mean Hearing Threshold Is 20 to <
35 dB;

3. Moderate Hearing Loss, the Mean Hearing Threshold Is 35 to
< 50 dB;

4. Moderately Severe Hearing Loss, the Mean Hearing
Threshold Is 50 to < 65 dB;

5. Severe Hearing Loss, the Mean Hearing Threshold Is 65 to <
80 dB;

6. Profound Hearing Loss, the Mean Hearing Threshold Is 80 to
< 95 dB;

7. Complete or Total Hearing Loss/Deafness, the Mean Hearing
Threshold Is 95 dB or Greater.

We also analyzed the patterns of hearing loss and the
configuration of audiogram was categorized into 7 forms:
low-frequency ascending form, U-shaped form, high-frequency
descending form, flat form, profound form, dip form, and other
forms (16) (as shown in Supplementary Table 1).
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Results of the ABR were considered abnormal when they met
at least one of the following criteria: (1) absent evoked response
upon the compatible auditory threshold; (2) desynchronization
of waves other than wave I; (3) interpeak latency (IPL) between
waves I and III > 2.5ms; (4) IPL between waves I and V >
4.4 ms; (5) Wave V interaural latency difference (ILD) > 0.2 ms;
and (6) interaural difference of IPL between waves I and V > 0.2
ms (17).

Imaging examination

MRI was performed to make a definite diagnosis of AN and
to rule out other explanations for hearing loss. We used either
a 1.5-T or a 3.0-T magnet for MRI examination. The scans
included high-resolution T2 sequences and contrast-enhanced
T1-weighted MRI directed to the TAC and cerebellopontine
angle (CPA). The images were reviewed by experienced
radiologists and otologists. The tumor size was measured on
MRI images, and the type of tumor within the intracanalicular
(IAC) and the maximum diameter of the tumor in CPA were
used according to the recommendation of the Summary and
consensus in the 7th International Conference on Acoustic
Neuroma (6). According to the Koos grading standard, the
tumor size is classified as follows: grade I, tumor is confined to
the TAC and the maximum diameter is < 1 cm; grade II, small
tumor protrusion into CPA without contact with the brain stem,
diameter ranges from 1.1 to 2 cm; grade III, tumor occupying the
CPA with no brainstem displacement, diameter ranges from 2.1
to 3 cm; and grade IV, large tumor with brainstem and cranial
nerve displacement, diameter is more than 3.0 cm (18).

Treatment evaluation

During the hospitalization, all patients enrolled in the study
were treated for 1 or 2 weeks with the same corticosteroid
treatment protocol (first, dexamethasone is administered
intravenously for the first 3 days with 10 mg/day and for
the next 3 days with 5 mg/day, and then it is changed
to methylprednisolone, which is administered as a postaural
injection, 40 mg, one time for every 3 days). The initial hearing
level was determined by the first audiometric evaluation before
treatment and the final hearing level was tested 2-4 weeks after
treatment. The evaluation of the treatment outcome was based
on the hearing recovery criteria described in the Guidelines for
the diagnosis and treatment of SSNHL (published in China in
2015) (1):

1. Complete recovery: the hearing thresholds of impaired
frequency returned to normal, or reached the level of
contralateral ears or the original level.

2. Significant recovery: the hearing thresholds of impaired
frequency increased >30 dB on average.
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3. Slight recovery: the hearing thresholds of impaired frequency
increased >15 dB and < 30 dB on average.

4. No recovery: the average hearing threshold of impaired
frequency increased < 15 dB.

We evaluated the rates of hearing recovery in the study
groups and a summed rate of complete recovery, significant
recovery, and slight recovery was defined as the “effective” rate.

Statistical analysis

Data analysis was performed with GraphPad Prism 8.3.0
(2019, GraphPad Software, LLC., USA) and Microsoft Office
Excel 2019 (Ofhice, Microsoft, USA). Continuous variables
were summarized using means, standard deviations (SDs), and
range values when normally distributed; categorical data were
summarized as numbers (percentage) and analyzed by the y?
or Fishers tests when normally distributed. Spearman’s rank
correlation analysis was used to determine the relationship
among the investigated factors, and the results were presented
with a confidence interval (CI) of 95%. A p-value of <0.05 was
considered statistically significant.

Results

Patients

In total, 1,383 patients with SSNHL who underwent MRI
were identified, and 10 (0.7%) patients were finally diagnosed
as AN. The demographic characteristics of the patients are
summarized in Table 1. There were 4 men and 6 women, ranging
in age from 26 to 70 years during the diagnosis of SSNHL
with a mean age of 46.2 £ 13.16 years. Of the 10 patients
enrolled in this study, 9 showed a tumor on the same side
of SSNHL, with 4 on the left side and 5 on the right. There
was one patient with SSNHL in the bilateral ear who had an
incidental finding of AN in the right ear (case 8). Among the 10
patients, 9 (90%) patients complained of tinnitus and 2 patients
(20%) complained of dizziness as an accompanying symptom.
Three patients underwent vestibular function examination with
1 patient showing a reduced function of the left horizontal
semicircular canal, 1 patient showing a reduced function of the
right horizontal semicircular canal, and 1 patient with a positive
positional test.

Audiology

The severity of hearing loss

Among the 10 patients, the severity of hearing loss of the
affected ear was characterized as mild in 2 ears (20%), moderate
in 1 ear (10%), severe in 4 ears (40%), profound in 1 ear (10%),
and deafness in 1 ear (10%). In addition, one patient presented
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a normal hearing threshold at frequencies of 0.25, 0.5, 1, and
2kHz, with 45 dB hearing loss at 4 kHz. The PTA ranged from
18.75 to 120 dB, with a mean range of 60.75 % 30.39 dB.

Audiogram configuration

The audiograms of the affected ears of all 10 patients when
diagnosed with SSNHL are depicted in Figure 1A. Audiogram
configurations were analyzed and for the 7 forms of audiogram
configurations, 2 ears (20%) were classified as U-shape, 3 (30%)
as high-frequency descending, 2 (20%) as flat, 1 (10%) as dip, 1
(10%) as profound, and 1 (10%) as other.

Auditory brainstem response

As for ABR examinations, all 10 patients were evaluated as
having an abnormal ABR according to the diagnostic criteria
mentioned above. The sensitivity of ABR for the detection of
AN was 100% in our study. Table 2 demonstrated the latency
of ABR waves of the 10 enrolled patients. In these patients who
showed an abnormal ABR waveform pattern, no response was
detected in 2 patients (20%) at 100 dB SPL, 2 patients (20%)
had only wave V present, 3 patients (30%) showed the absence
of wave I, 2 patients (20%) with IPL between waves I and III
> 2.5ms, 4 patients (40%) with IPL between waves I and V >
4.4 ms. Significantly, except for 2 patients with no response, the
ILD of wave V were all > 0.2 ms in the remaining 8 patients, with
a mean value of 1.01 £ 0.43 ms.

Imaging findings and correlation

MRI was performed in all 10 patients, revealing tumors
ranging from 0.7 to 2.7 cm, with a mean size of 1.44 & 0.63 cm.
Figure 1B demonstrates the axial cranial MRI of these patients.
According to the Koos grading standard, there were 5 grade I
(intracanalicular) tumors, 3 grade II tumors, and 2 grade III
tumors. The audiograms of patients with grades I-III tumors are
shown in Figure 2. There was no obvious relation between tumor
size and hearing loss with regard to the audiometric pattern. In
addition, we conducted correlation analyses between tumor size
and grade of hearing loss and the configuration of audiograms.
There was no significant correlation between tumor size and
grade of hearing loss (r = 0.1136, p = 0.7533; Spearman’s rank
correlation test). Tumor size and configuration of audiograms
were also unrelated (r = 0.0528, p = 0.8831; Spearman’s rank
correlation test).

Management results

Among the 10 patients in our study, 8 recorded detailed
PTA results before and after drug treatment (Figure 3), while the
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FIGURE 1

neuroma in our study. Red arrows indicate the tumor location

Audiograms and MRI image of the 10 patients with sudden sensorineural hearing loss (SSNHL) and acoustic neuroma (AN). (A) Pure-tone
audiograms of the affected ear of the 10 patients with acoustic neuroma at the diagnosis of sudden sensorineural hearing loss (air conduction).
The red line represents the right ear and the blue line represents the left ear. (B) The axial cranial MRI of the 10 patients diagnosed with acoustic

other 2 patients had either subjective report only or incomplete
audiometric data available. The treatment outcome revealed that
2 (25%) of the 8 patients exhibited recovery of the average
hearing of impaired frequency by more than 15 dB, and 6
(75%) patients showed no recovery. Figure 4 illustrates pure
tone thresholds of the 8 patients who recorded detailed PTA
results at the diagnosis of SSNHL and after drug treatment.
Overall, there was no obvious recovery before and after drug
treatment. In addition, we followed up on the speech recognition
score (SRS) of 4 patients after drug treatment, and 2 of them
showed significant improvement in the SRS compared with that
before treatment: case 6 showed an increase in SRS from 68 to
100%, and case 7 showed a significant increase from 8 to 96%.
For the final management of the 10 patients, 4 patients were
referred to undergo surgical treatment after being diagnosed
with AN, 1 patient accepted stereotactic radiation therapy, and
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the remaining 5 patients were given a “wait and scan” strategy
(observation and follow-up of MRI). Among the 4 patients
with surgical treatment, 3 patients were performed with a
translabyrinthine approach and 1 with a retrosigmoid approach,
and the postoperative hearing of the affected ear of the 4 patients
was all totally deafness (as shown in Supplementary Figure 1).

Discussion

Acoustic neuroma is the most common posterior cranial
fossa tumor in adults, accounting for 6-8% of all intracranial
tumors and more than 80% of tumors in the CPA (19). The
early symptoms in patients with AN are mainly unilateral
sensorineural hearing loss, tinnitus, and vertigo (20). SSNHL
occurs in 10-20% of patients with AN at some point in their
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TABLE 2 The latency of ABR waves of the 10 patients enrolled in our study.

10.3389/fneur.2022.953265

Caseno. Tumor side Side wave | wave II1 wave V wave I-111 wave wave I-V (ms)  ILD (ms)
(ms) (ms) (ms) (ms) II1-v
(ms)
1 L L 1.92 4.48 6.33 2.56 1.84 4.40 1.23
R 1.48 3.56 5.10 2.08 1.54 3.62
2 L L 1.25 / 6.38 / / 5.03 1.06
R 1.11 / 532 / / 4.21
3 R L 1.50 3.92 5.50 2.42 1.58 4.00 1.65
R NR 533 7.15 NR 1.82 NR
4 R L 1.65 3.95 5.68 2.30 1.73 4.03 /
R NR NR NR NR NR NR
5 R L 1.33 3.40 543 2.07 2.03 4.10 1.55
R NR NR 6.98 NR NR NR
6 R L 1.55 3.65 5.55 2.10 1.90 4.00 0.55
R 2.08 4.20 6.10 2.12 1.90 4.02
7 L L 1.59 3.94 6.48 2.35 2.54 4.89 0.87
R 1.14 3.62 5.61 2.48 1.99 4.47
8 R L 1.50 3.68 5.58 2.18 1.90 4.08 0.80
R NR NR 6.38 NR NR NR
9 R L 1.68 3.98 5.85 2.30 1.87 4.17 /
R NR NR NR NR NR NR
10 L L 1.63 4.05 6.05 2.42 2.00 4.42 0.35
R 1.55 3.85 5.70 2.30 1.85 4.15
ABR, Auditory brainstem response; L, Left; R, Right; ILD, Interaural latency difference; NR, No response.
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FIGURE 2
Audiograms of the 10 patients with acoustic neuroma diagnosed as a sudden sensorineural hearing loss initially classified according to the Koos
grading system. Audiometry found no consistent trend with regard to the Koos grading system

medical history, but the incidence of AN is somewhat lower
in patients with SSNHL (4). We summarized previous studies
where AN was detected in patients with SSNHL in Table 3
and the prevalence ranges from 1.8 to 5.2%. In our study, the
incidence of AN in patients with SSNHL was 0.7% (10/1383).
Sensorineural hearing loss is the major presentation of patients
with AN and is often accompanied by tinnitus. In the present
study, 90% (9/10) of patients with AN who presented SSNHL
as an initial symptom and complained of tinnitus, which is
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consistent with the incidence of tinnitus in patients with AN
(51-92%) reported in previous studies (32-34). Even though
tinnitus is a nonspecific symptom, clinicians should still be
alert to patients with unilateral SSNHL and tinnitus to avoid
missing the diagnosis. Meanwhile, the absence of accompanying
symptoms does not eliminate the possibility of a tumor.

The audiogram configuration of SSNHL can affect high, low,
or all frequencies, and audiograms are generally classified into
low-frequency ascending, high-frequency descending, flat-type,
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after treatment.

Audiograms of the eight patients who recorded completed pure tone audiometry (PTA) results before and after drug treatment. The “L" and "R"
means the tumor side. The dashed line represents the hearing threshold before treatment, and the solid line represents the hearing threshold
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Hearing thresholds before and after the treatment of these patients in our study. (A) Pure-tone thresholds at the time of diagnosis of sudden
sensorineural hearing loss in all 10 patients. (B) Pure-tone thresholds after drug treatment of sudden sensorineural hearing loss in 8 patients who
recorded completed pure tone audiometric results. The black dashed line represents the average hearing thresholds at each frequency.
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and profound hearing loss (1). Previous studies have shown
that the audiogram configuration may be trough-shaped or U-
shape in patients with AN who are presenting with SSNHL
as a primary symptom (7, 32). Furthermore, a recent study
has found that the trough-shaped or U-shape audiogram was
significantly more prevalent in patients with AN than in
patients with ordinary idiopathic SSNHL, and the incidence
of AN in SSNHL patients with trough-shaped or U-shape
audiogram was significantly higher in SSNHL patients with
other audiogram configurations (26, 29). This study suggests
that a trough-shaped or U-shape audiogram in patients with
SSNHL may indicate the presence of AN. In our study,
the incidence of U-shape audiograms (20%, 2/10) in SSNHL
patients with AN was not significantly specific compared
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with other configurations, which may be due to the small
sample size.

As the gold standard for AN diagnosis, MRI is the preferred
examination and can provide exquisite tumor characterization,
surgical planning, and post-therapeutic assessment (19). High-
resolution MRI can detect tumors smaller than 1cm located
in the TAC and differentiate AN from other masses, such
as facial nerve schwannoma, meningioma, epidermoid cyst,
arachnoid cyst, aneurysm, and metastasis (28, 35). According to
previous studies, AN can be successfully diagnosed and largely
differentiated from other lesions with 96-100% sensitivity and
88-93% specificity with the combination of T1- and T2-
weighted MRI (36). In the present study, all the enrolled
patients with SSNHL underwent contrast-enhanced MRI and 10
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TABLE 3 Summary of studies where acoustic neuroma (AN) was
detected in a sudden sensorineural hearing loss (SSNHL).

Studies Incidence of AN in SSNHL

Our study 0.7% (10/1,383)
1.5% (13/836)

4.2% (8/192)

Saunders et al. (20)
Aslan et al. (21)
Daniels et al. (22) 3.7% (2/54)
Fitzgerald and Mark. (23) 3.8% (3/78)
Aarnisalo et al. (24) 4.9% (4/82)
Cadoni et al. (25) 1.9% (1/54)
Suzuki et al. (26) 2.6% (13/500)
Leeetal. (13) 4.1% (12/295)
1.8% (10/542)
3.1% (9/291)
5% (10/200)
5.2% (5/96)
2.4% (20/848)
3% (15/499)

4.8% (20/420)

Linetal. (27)

Jeong et al. (9)

Cho etal. (28)
Califano etal. (11)
Hosokawa et al. (29)
Fujita et al. (30)
Ungar et al. (31)

Yang et al. (10) 1.1% (14/1,249)

patients were diagnosed as AN. MRI is considered an excellent
noninvasive evaluation for CPA lesions (acoustic neuroma,
meningioma, trigeminal schwannoma, epidermoid cysts, etc.).
The high contrast resolution and multiplanar capabilities of MR
help to identify the site and extension of the lesions as well as
the characteristic signal. A recent study found that CPA lesions
were detected with 90% sensitivity and 99.5% specificity on high-
resolution T2-weighted MRI compared with T1-weighted MRI
with contrast (37).

In addition to MRI, ABRs have been used widely as a
screening procedure for the diagnosis of AN, particularly when
MRI is not available. In our study, abnormal ABR results were
obtained in all patients, and the overall ABR sensitivity in
diagnosing AN in SSNHL was 100%. Due to the small sample
size, our results do not indicate the sensitivity of the ABR. We
have known that ABR testing has limits. The reported sensitivity
of ABR for the diagnosis of AN varies between 63 and 97%,
however, for small AN, its sensitivity decreases significantly to
8-42% and ABR is not possible when the hearing loss exceeds 80
dB in the 2,000-4,000 Hz frequency (4, 38). A recent modeling
study has found that the cost-saving with ABR prior to MRI does
not seem to outweigh the number of missed patients with AN
and other important pathologies that would have been detected
when using standalone MRI (39). Therefore, for patients with
SSNHL, we recommend that ABR and MRI should be combined
to improve the accuracy of detection and prevent misdiagnosis
and missed diagnoses, especially for small AN.

Previous studies have pointed out that the pathogenesis of
SSNHL in patients with AN involves mechanical compression
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of the adjacent cochlear nerve, based upon the conjecture
that the nerve fibers responsible for middle-frequency hearing
are in a position more susceptible to tumor compression
(14). Although hearing loss due to nerve compression is
theoretically progressive, a sudden enlargement of the tumor
(e.g., hemorrhage or cystic degeneration) could compress the
cochlear nerve enough to cause sudden hearing loss (40).
Nevertheless, it has been reported that tumor size is not to be
correlated with the grade of hearing loss, and the correlation
between tumor size and the incidence of SSNHL is also
controversial (9, 16). In this study, we found no significant
correlation between tumor size and the grade of hearing loss.
In addition, the tumor size and configuration of audiograms
were also unrelated. These results were consistent with other
previous studies.

Many studies have observed that hearing recovery occurred
in some patients with AN who presented with SSNHL after
corticosteroid therapy and reported a recovery rate ranging
from 16.7 to 44.4% (10, 30, 40). It is well-known that SSNHL
patients with different types of audiogram configurations have
obvious differences in their hearing recovery (1). Several studies
have found that the recovery rate of SSNHL in patients
with AN was also significantly related to audiogram patterns
(26, 29). In 2021, Wasano et al. (16) revealed that the
recovery of hearing in patients with U-shaped audiograms
was significantly greater than in patients having the other
audiogram forms, and the recovery rate decreased as the SSNHL
episodes in patients increased. In 2017, Cho et al. (28) reported
that non-tumorous lesions (intra-labyrinthine hemorrhage and
labyrinthitis) showed a poorer treatment response than that of
AN in patients with SSNHL. Hearing recovery may be due to the
regression of tumor edema caused by corticosteroid treatment
and/or the absorption of hemorrhage from the tumor itself or in
the vicinity of the tumor (31). In the present study, 25% (2/8)
patients with SSNHL diagnosed as AN showed hearing recovery
after drug treatment. This rate was consistent with previous
studies. These findings suggested that a therapeutic response
to corticosteroid treatment for SSNHL does not exclude the
presence of AN and all patients with SSNHL should undergo
MRI to prevent misdiagnosis and delays in potential treatment.

Conclusion

In conclusion, we have reported on a series of 10 patients
with AN who presented SSNHL as a primary symptom and were
treated as SSNHL initially. MRI is the most effective examination
for the diagnosis of small AN. This study demonstrated that the
hearing loss of these patients may improve with corticosteroid
treatment. Therefore, we recommend that all patients presented
with SSNHL, regardless of whether the hearing loss responds
to drug treatment, should undergo MRI to rule out AN and
avoid delayed treatment due to missed diagnosis. In addition, as
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an effective screening procedure, ABR is also important for the
diagnosis of AN.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary material, further inquiries
can be directed to the corresponding authors.

Ethics statement

The studies involving human participants were reviewed
and approved by the Committee of Medical Ethics of Chinese
PLA General Hospital. The patients/participants provided their
written informed consent to participate in this study.

Author contributions

HW designed the work. DW provided data resources.
JL, GC, and XZ acquired and analyzed data. MS and HW
drafted, revised, and approved the manuscript. QW agree to
be accountable for all aspects of the work. All authors have
reviewed, discussed, and approved the manuscript.

Funding

This work was supported by the grants of the National
Key Research and Development Project (2020YFC2005200 and
2020YFC2005201); the National Natural Science Foundation
of China (General Project 82171130); and the Analysis
and Application of Medical Big Data in PLA General
Hospital (2019MBD-005).

References

1. Editorial Board of Chinese Journal of Otolaryngology Head and
Neck Surgery, Chinese Medical Association Otolaryngology Head and
Neck Surgery Branch. Guideline of diagnosis and treatment of sudden
deafness (2015). Chin ] Otorhinolaryngol Head Neck Surg. (2015) 50:443-7.
doi: 10.3760/cma.j.issn.1673-0860.2015.06.002

2. Chandrasekhar SS, Tsai Do BS, Schwartz SR, Bontempo LJ, Faucett
EA, Finestone SA, et al. Clinical practice guideline: sudden hearing loss
(update) executive summary. Otolaryngol Head Neck Surg. (2019) 161:195-210.
doi: 10.1177/0194599819859883

3. Nakashima T, Sato H, Gyo K, Hato N, Yoshida T, Shimono M, et al. Idiopathic
sudden sensorineural hearing loss in Japan. Acta Otolaryngol. (2014) 134:1158-63.
doi: 10.3109/00016489.2014.919406

4. Stachler RJ, Chandrasekhar SS, Archer SM, Rosenfeld RM, Schwartz SR, Barrs
DM, et al. Clinical practice guideline: sudden hearing loss. Otolaryngol Head Neck
Surg. (2012) 146:S1-35. doi: 10.1177/0194599812436449

5. Rauch SD. Clinical practice. Idiopathic sudden sensorineural hearing loss. N
Engl ] Med. (2008) 359:833-40. doi: 10.1056/NEJMcp0802129

Frontiersin Neurology

09

10.3389/fneur.2022.953265

Acknowledgments

The authors thank the patients for their cooperation and
participation during this work.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fneur.2022.953265/full#supplementary-material

SUPPLEMENTARY FIGURE 1

Postoperative hearing results of the 4 patients who were treated with a
surgical operation. Cases 3, 5, and 6 were taken with a translabyrinthine
approach and case 7 with a retrosigmoid approach. A red triangle with
an arrow was used for the right ear and a blue square with an arrow was
used for the left ear to indicate that there was no response at maximum
air conduction with masking.

SUPPLEMENTARY TABLE 1
Criteria for different configurations of audiograms.

6. Wu H, Zhang L, Han D, Mao Y, Yang J, Wang Z, et al. Summary and
consensus in 7th international conference on acoustic neuroma: an update for the
management of Sporadic Acoustic Neuromas. World ] Otorhinolaryngol Head Neck
Surg. (2016) 2:234-9. doi: 10.1016/j.wjorl.2016.10.002

7. Ogawa K, Kanzaki ], Ogawa S, Tsuchihashi N, Inoue Y. Acoustic neuromas
presenting as sudden hearing loss. Acta Otolaryngol Suppl. (1991) 487:138-43.
doi: 10.3109/00016489109130459

8. Sauvaget E, Kici S, Kania R, Herman P, Tran Ba Huy P. Sudden
sensorineural hearing loss as a revealing symptom of vestibular
schwannoma. Acta Otolaryngol. (2005) 125:592-5. doi: 10.1080/000164805100
30246

9. Jeong KH, Choi JW, Shin JE, Kim CH. Abnormal magnetic resonance
imaging findings in patients with sudden sensorineural hearing loss: vestibular
schwannoma as the most common cause of Mri abnormality. Medicine (Baltimore).
(2016) 95:¢3557. doi: 10.1097/MD.0000000000003557

10. Yang W, Mei X, Li X, Zhou Y, Zhong J, Liu H, et al. The prevalence and
clinical characteristics of vestibular schwannoma among patients treated as sudden

frontiersin.org


https://doi.org/10.3389/fneur.2022.953265
https://www.frontiersin.org/articles/10.3389/fneur.2022.953265/full#supplementary-material
https://doi.org/10.3760/cma.j.issn.1673-0860.2015.06.002
https://doi.org/10.1177/0194599819859883
https://doi.org/10.3109/00016489.2014.919406
https://doi.org/10.1177/0194599812436449
https://doi.org/10.1056/NEJMcp0802129
https://doi.org/10.1016/j.wjorl.2016.10.002
https://doi.org/10.3109/00016489109130459
https://doi.org/10.1080/00016480510030246
https://doi.org/10.1097/MD.0000000000003557
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Song et al.

sensorineural hearing loss: a 10-year retrospective study in Southern China. Am J
Otolaryngol. (2020) 41:102452. doi: 10.1016/j.amjot0.2020.102452

11. Califano L, Salafia F, Melillo MG, Mazzone S. Sensitivity and specificity
of vestibular bed-side examination in detecting Viii cranial nerve schwannoma
with sensorineural sudden unilateral hearing loss as presenting symptom. Acta
Otorhinolaryngol Ital. (2017) 37:336-40. doi: 10.14639/0392-100X-1284

12. Aronzon A, Ruckenstein M], Bigelow DC. The efficacy of
corticosteroids in restoring hearing in patients undergoing conservative
management of acoustic neuromas. Otol Neurotol. (2003) 24:465-8.
doi: 10.1097/00129492-200305000-00018

13. Lee JD, Lee BD, Hwang SC. Vestibular schwannoma in patients with sudden
sensorineural hearing loss. Skull Base. (2011) 21:75-8. doi: 10.1055/s-0030-1261257

14. Puccinelli C, Carlson ML. Improvement or recovery from sudden
sensorineural hearing loss with steroid therapy does not preclude the need
for Mri to rule out vestibular schwannoma. Otol Neurotol. (2019) 40:674-80.
doi: 10.1097/MA0.0000000000002171

15. World Health Organization. World Report on Hearing. Geneva: World
Health Organization (2021). Licence: CC BY-NC-SA 3.0 IGO.

16. Wasano K, Oishi N, Noguchi M, Hentona K, Shinden S, Kitama T, et al.
Sudden sensorineural hearing loss in patients with vestibular schwannoma. Sci Rep.
(2021) 11:1624. doi: 10.1038/541598-020-80366-2

17. Park MJ, Ahn JH, Park HJ, Chung JW, Kang WS. Diagnostic validity of
auditory brainstem response for the initial screening of vestibular schwannoma.
J Audiol Otol. (2022) 26:36-42. doi: 10.7874/ja0.2021.00374

18. Koos WT, Day JD, Matula C, Levy DI. Neurotopographic considerations
in the microsurgical treatment of small acoustic neurinomas. | Neurosurg. (1998)
88:506-12. doi: 10.3171/jns.1998.88.3.0506

19. Lin EP, Crane BT. The management and imaging of vestibular
schwannomas. AJNR Am ] Neuroradiol. (2017) 38:2034-43. doi: 10.3174/ajnr.
A5213

20. Goldbrunner R, Weller M, Regis ], Lund-Johansen M, Stavrinou P, Reuss D,
et al. Eano guideline on the diagnosis and treatment of vestibular schwannoma.
Neuro Oncol. (2020) 22:31-45. doi: 10.1093/neuonc/noz153

21. Aslan A, De Donato G, Balyan FR, Falcioni M, Russo A, et al.
Clinical ~observations on coexistence of sudden hearing loss and
vestibular schwannoma. Ofolaryngol Head Neck Surg. (1997) 117:580-2.
doi: 10.1016/s0194-5998(97)70035-4

22. Daniels RL, Shelton C, Harnsberger HR. Ultra high resolution nonenhanced
fast spin echo magnetic resonance imaging: cost-effective screening for acoustic
neuroma in patients with sudden sensorineural hearing loss. Otolaryngol Head
Neck Surg. (1998) 119:364-9. doi: 10.1016/S0194-5998(98)70080-4

23. Fitzgerald DC, Mark AS. Sudden hearing loss: frequency of abnormal findings
on contrast-enhanced Mr studies. AJNR Am ] Neuroradiol. (1998) 19:1433-6.

24. Aarnisalo AA, Suoranta H, Ylikoski J. Magnetic resonance imaging findings
in the auditory pathway of patients with sudden deafness. Otol Neurotol. (2004)
25:245-9. doi: 10.1097/00129492-200405000-00008

25. Cadoni G, Cianfoni A, Agostino S, Scipione S, Tartaglione T, Galli ], et
al. Magnetic resonance imaging findings in sudden sensorineural hearing loss. J
Otolaryngol. (2006) 35:310-6. doi: 10.2310/7070.2006.0066

26. Suzuki M, Hashimoto S, Kano S, Okitsu T. Prevalence of acoustic neuroma
associated with each configuration of pure tone audiogram in patients with

Frontiersin Neurology

10

10.3389/fneur.2022.953265

asymmetric sensorineural hearing loss. Ann Otol Rhinol Laryngol. (2010) 119:615-
8. doi: 10.1177/000348941011900908

27. Lin C, Gong Q, Zuo W, Zhang R, Zhou A. The clinical characteristics and
treatment for sudden sensorineural hearing loss with vestibular schwannoma. Eur
Arch Otorhinolaryngol. (2015) 272:839-42. doi: 10.1007/s00405-014-2885-x

28. Cho J, Cheon H, Park JH, Lee HJ, Kim HJ, Choi HG, et al
Sudden sensorineural hearing loss associated with inner ear lesions
detected by magnetic resonance imaging. PLoS ONE. (2017) 12:e0186038.
doi: 10.1371/journal.pone.0186038

29. Hosokawa K, Hosokawa S, Takebayashi S, Mineta H. Trough-
shaped audiograms are common in patients with acoustic neuroma and
sudden sensorineural hearing loss. Audiol Neurootol. (2018) 23:58-62.
doi: 10.1159/000490233

30. Fujita T, Saito K, Kashiwagi N, Sato M, Seo T, Doi K. The Prevalence of
vestibular schwannoma among patients treated as sudden sensorineural hearing
loss. Auris Nasus Larynx. (2019) 46:78-82. doi: 10.1016/j.anl.2018.06.008

31. Ungar OJ, Wengier A, Cavel O, Handzel O, Oron Y. Hearing improvement
after sudden sensorineural hearing loss as a predictor of vestibular schwannoma.
ORL ] Otorhinolaryngol Relat Spec. (2020) 82:53-8. doi: 10.1159/000504581

32. Saunders JE, Luxford WM, Devgan KK, Fetterman BL. Sudden hearing
loss in acoustic neuroma patients. Otolaryngol Head Neck Surg. (1995) 113:23-31.
doi: 10.1016/S0194-5998(95)70140-0

33. Thapa PB, Shahi S, Jha RK, Shrestha D. Vestibular schwanomma:
an experience in a developing world. World J Oncol. (2019) 10:118-22.
doi: 10.14740/wjon1195

34. Smith DR, Saadatmand HJ, Wu CC, Black PJ, Wuu YR, Lesser J, et al.
Treatment outcomes and dose rate effects following gamma knife stereotactic
radiosurgery for vestibular schwannomas. Neurosurgery. (2019) 85:E1084-E94.
doi: 10.1093/neuros/nyz229

35. Ramaswamy AT, Golub JS. Management of vestibular schwannomas
for the radiologist. Neuroimaging Clin N Am. (2019) 29:173-82.
doi: 10.1016/j.nic.2018.09.003

36. Dunn IF Bi WL, Mukundan S, Delman BN, Parish ], Atkins T, et al. Congress
of neurological surgeons systematic review and evidence-based guidelines on
the role of imaging in the diagnosis and management of patients with
vestibular schwannomas. Neurosurgery. (2018) 82:E32-E4. doi: 10.1093/neuros/
nyx510

37. Hentschel MA, Kunst HPM, Rovers MM, Steens SCA. Diagnostic accuracy of
high-resolution T2-weighted Mri vs contrast-enhanced T1-weighted mri to screen
for cerebellopontine angle lesions in symptomatic patients. Clin Otolaryngol.
(2018) 43:805-11. doi: 10.1111/coa.13051

38. Bozorg Grayeli A, Refass A, Smail M, Elgarem H, Kalamarides
M, Bouccara D, et al. Diagnostic value of auditory brainstem responses
in cerebellopontine angle tumours. Acta Otolaryngol. (2008) 128:1096-100.
doi: 10.1080/00016480701881803

39. Wijn SRW, Hentschel MA, Beynon AJ, Kunst HPM, Rovers MM.
Auditory brainstem response prior to mri compared to standalone mri in the
detection of vestibular schwannoma: a modelling study. Clin Otolaryngol. (2021).
doi: 10.22541/au.162656180.09565571/v1

40. Nageris BI, Popovtzer A. Acoustic neuroma in patients with completely
resolved sudden hearing loss. Ann Otol Rhinol Laryngol. (2003) 112:395-7.
doi: 10.1177/000348940311200501

frontiersin.org


https://doi.org/10.3389/fneur.2022.953265
https://doi.org/10.1016/j.amjoto.2020.102452
https://doi.org/10.14639/0392-100X-1284
https://doi.org/10.1097/00129492-200305000-00018
https://doi.org/10.1055/s-0030-1261257
https://doi.org/10.1097/MAO.0000000000002171
https://doi.org/10.1038/s41598-020-80366-2
https://doi.org/10.7874/jao.2021.00374
https://doi.org/10.3171/jns.1998.88.3.0506
https://doi.org/10.3174/ajnr.A5213
https://doi.org/10.1093/neuonc/noz153
https://doi.org/10.1016/s0194-5998(97)70035-4
https://doi.org/10.1016/S0194-5998(98)70080-4
https://doi.org/10.1097/00129492-200405000-00008
https://doi.org/10.2310/7070.2006.0066
https://doi.org/10.1177/000348941011900908
https://doi.org/10.1007/s00405-014-2885-x
https://doi.org/10.1371/journal.pone.0186038
https://doi.org/10.1159/000490233
https://doi.org/10.1016/j.anl.2018.06.008
https://doi.org/10.1159/000504581
https://doi.org/10.1016/S0194-5998(95)70140-0
https://doi.org/10.14740/wjon1195
https://doi.org/10.1093/neuros/nyz229
https://doi.org/10.1016/j.nic.2018.09.003
https://doi.org/10.1093/neuros/nyx510
https://doi.org/10.1111/coa.13051
https://doi.org/10.1080/00016480701881803
https://doi.org/10.22541/au.162656180.09565571/v1
https://doi.org/10.1177/000348940311200501
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

	Sudden sensorineural hearing loss as the initial symptom in patients with acoustic neuroma
	Introduction
	Methods
	Study design and participants
	Audiological assessment
	Imaging examination
	Treatment evaluation
	Statistical analysis

	Results
	Patients
	Audiology
	The severity of hearing loss
	Audiogram configuration
	Auditory brainstem response

	Imaging findings and correlation
	Management results

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


