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Introduction

Sudden sensorineural hearing loss (SSNHL) is a disorder 
defined as a subset of hearing loss that is sensorineural in na-
ture and that occurs within a 72-hour period. The audiometric 
criterion for SSNHL is a decrease in the hearing of at least 30 
decibels (dB) that affects at least three consecutive frequen-
cies. The incidence of SSNHL is five to 27 per 100,000 people 

annually [1]. About 90% of patients with SSNHL present no 
identifiable cause of the hearing loss; this condition is defined 
as idiopathic sudden sensorineural hearing loss (ISSNHL) [1].

There are several hypothetical causes predisposing a patient 
to ISSNHL, such as micro-circulation disorders or inflamma-
tion such as that experienced in conjunction with a viral infec-
tion or autoimmune disease [2]. However, the exact cause of 
ISSNHL remains largely unknown, resulting in a lack of uni-
versally agreed-upon treatment protocols. Corticosteroids have 
been considered as the mainstream treatment option in the past; 
however, guidelines now suggest that the initial use of cortico-
steroids as a treatment modality for ISSNHL is not strongly 
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recommended [1]. These guidelines also contend that hyperbar-
ic oxygen therapy may be a reasonable option for solving the 
hypoxic problems that occur in the inner ear [1]. Meanwhile, 
other pharmacologic therapies are strongly suggested to be 
contraindicated. The recovery rate from ISSNHL has been re-
ported to range between 45 and 66% with standard corticoste-
roid treatment [3].

Magnetic resonance imaging (MRI) of the internal auditory 
canal (IAC) in patients with SSNHL is usually recommended 
to evaluate the retrocochlear pathology such as the presence of 
vestibular schwannoma (VS) or cerebellopontine angle tumor. 
The prevalence of VS in patients with SSNHL was reported as 
3% in a recent study [4]. Some research has postulated that, if 
intralabyrinthine hemorrhage is identified on MRI, the progno-
sis for hearing restoration in patients with SSNHL is poorer [5]. 
However, the understanding of the value of MRI is more lim-
ited when no such lesion exists.

With improved MRI technologies, we can measure the over-
all IAC diameter as well as those of tiny structures within the 
IAC. Several studies have reported on differences in the size 
of the cochlear nerve (CN) in normal and hearing-impaired 
individuals [6-8]. However, previous reports on the size of the 
CN or the diameter of the IAC in patients with ISSNHL are 
lacking. In this study, we measured those parameters and ana-
lyzed the results of IAC MRI in patients with ISSNHL to eval-
uate the diagnostic and prognostic values of the imaging test.

Subjects and Methods

Subjects
We retrospectively reviewed the patients who underwent 

IAC MRI from January 2008 to March 2019. Patients diag-
nosed with other disorders such as VS, Meniere’s disease (MD), 
or conductive hearing loss were excluded from this investiga-
tion. Patients with bilateral SSNHL and <18 years were also ex-
cluded. 

All of the patients enrolled in our study had visited Depart-
ment of Otorhinolaryngology-Head and Neck Surgery, Sam-
sung Medical Center within one month after the onset of sud-
den hearing loss. At the time of the first visit, the diagnosis of 
SSNHL was made based on pure tone audiometry results. The 
audiometric criterion for SSNHL was hearing loss of at least 
30 dB on pure tone average (PTA) occurring in at least three 
consecutive frequencies. Because some patients could not 
visit Department of Otorhinolaryngology-Head and Neck Sur-
gery, Samsung Medical Center within 72 hours of symptom 
onset due to our tertiary hospital system status, we included pa-
tients diagnosed with SSNHL at other primary or secondary 
hospitals with suitable PTA results for the disorder.

MRI protocol
MRI was performed with T2-weighted turbo spin-echo (TSE) 

axial images of the entire brain [repetition time (TR), 2,000 ms; 
echo time (TE), 30 ms; section thickness, 2 mm; slice spacing, 
2 mm; field of view, 19 cm; acquisition time, 338 seconds]. 
Oblique sagittal images of the IAC were reformed by the mul-
tiplanar reconstruction procedure.

Measurement
On oblique sagittal images of IAC MRI, we measured the 

horizontal and vertical widths of the CN and facial nerve (FN) 
on each side (Fig. 1). Oblique sagittal images were selected in 
the middle of the IAC where the CN, FN, and vestibular nerves 
were individually identifiable. The cross-sectional area (CSA) 
was calculated [π(V/2)(H/2)] for the CN and FN, respectively. 
The diameters of the fundus and porus of the IAC and the 
bony cochlear nerve canal (BCNC) were also measured on 
axial T2-weighted TSE IAC MRI scans. The diameter of the 
IAC was calculated using the axial image in which the ipsilat-
eral lateral semicircular canal was totally visible (Fig. 2). The 
width of the BCNC is usually measured via temporal bone 
computed tomography (TBCT); thus, we compared the mea-
sured width of the BCNC on IAC MRI and TBCT scans in 
some patients (Fig. 3). All measuring was performed by an 
otologist (M.B.K) to all clinical information. Formal reading 
of the MRI by a head and neck radiology specialist was also 
completed to collect abnormal findings in the inner ear.

Treatment protocol and outcome evaluation
All patients with no contraindications were treated with 

high-dose systemic steroid therapy. Most of the patients re-
ceived per-oral methylprednisolone (1 mg/kg/day up to 60 mg 

Fig. 1. Measuring the horizontal and vertical widths of the cochle-
ar nerve (CN) (long arrow) and facial nerve (FN) (short arrow) of 
each side on oblique sagittal images of internal auditory canal (IAC) 
magnetic resonance imaging. Oblique sagittal images were select-
ed from the middle of the IAC where the cochlear nerve, FN, and 
vestibular nerves could be individually identified.
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per day for seven days, with five days of tapering), though some 
received intravenous dexamethasone (10 mg/day with taper-
ing). Fifty-eight (27.9%) of the 208 study participants had 

been primarily treated at other hospitals and one did not receive 
high-dose steroid therapy due to a previous history of side ef-
fects from steroid use. Therefore, 147 (70.7%) of the 208 en-
rolled patients were treated with high-dose systemic steroid 
therapy at Samsung Medical Center. For patients who experi-
enced no or partial recovery with high-dose systemic steroid 
therapy, intratympanic steroid injection was given as a salvage 
treatment. Ninety-nine (47.6%) of the study participants were 
injected with intratympanic steroids at least once.

PTA performed at the first and last visits were analyzed to 
evaluate the treatment outcome. The evaluation of treatment 
outcome followed the criteria previously used by Ho, et al. [9]. 
Complete recovery was defined as an average threshold across 
250, 500, 1,000, 2,000, and 4,000 Hz within 25 dB HL; marked 
improvement was defined as a hearing gain of more than 30 
dB in the average threshold; slight improvement was defined 
as a hearing gain of between 10 dB and 30 dB in the average 
threshold; and nonrecovery was defined as an average hearing 
gain within 10 dB (Table 1).

Statistical analysis
We conducted all statistical analysis using SAS version 9.4 

(SAS Institute Inc., Cary, NC, USA). A paired t-test was used 
to compare the measured values sourced from IAC MRI be-
tween the affected and healthy sides. The relationships be-
tween hearing outcomes and different variables were analyzed 
with ordinal logistic regression. A p-value less than 0.05 was 
considered to be statistically significant.

Ethical approval
All procedures performed in studies involving human par-

ticipants were in accordance with the ethical standards of the 
institutional and/or national research committee [Samsung 
Medical Center (IRB No. 2019-11-002-001)] and with the 
2013 Helsinki declaration and its later amendments or com-
parable ethical standards.

Results

Two hundred eight patients with ISSNHL were included in 

Fig. 2. Measuring the anteroposterior diameter of the fundus (short 
arrow) and porus (long arrow) of the internal auditory canal (IAC) 
on axial T2-weighted magnetic resonance imaging scans. The IAC 
was placed at the same vertical level as the lateral semicircular 
canal (A); thus, the diameter of the IAC was measured on the axi-
al image, where the ipsilateral lateral semicircular canal was totally 
visible (B).

Table 1. Classification of hearing outcomes after treatment of id-
iopathic sudden sensorineural hearing loss

Classification Definition
Complete recovery PTA* ≤25 dB HL after treatment
Marked improvement PTA* improvement ≥30 dB HL
Slight improvement 10 dB HL≤PTA* improvement<30 dB HL
No recovery PTA* improvement <10 dB HL

*pure tone average (PTA) of 0.5, 1, 2, and 4 kHz

Fig. 3. Measuring the width of the bony cochlear nerve canal on 
an internal auditory canal magnetic resonance imaging scan (A) 
and high-resolution temporal bone computed tomography scan of 
the same patient (B).

A

B

A

B



www.ejao.org 201

Kim MB, et al.

accordance with the inclusion criteria. The average age of the 
enrolled patients was 52.23±13.45 years (range: 18-81 years) 
with 103 females (49.5%) and 105 males. One hundred ten pa-
tients (52.9%) had left-sided hearing loss, the others showed 
right-sided hearing loss. The mean follow-up duration was 397 
days and the median value of the follow-up duration was 87 
days. Some patients received PTA long after the end of treat-
ment when they visited the hospital to undergo MRI.

Measured data from IAC MRI, such as the CSA of the CN, 
BCNC, and diameter of the IAC, all displayed normal distri-
butions. Oblique sagittal images were collected from only 60 
patients; the CSA of the CN was measured in those individu-
als. The other measured values were gathered from all 208 pa-
tients. All measured values showed tendencies to be lower on 
the affected side, but the differences were not statistically sig-
nificant (Table 2). 

MRI confirmed not only the above measurements but also 
abnormal findings of the inner ear such as increased signal 
intensity or contrast enhancement of the inner ear. There were 
30 cases (14.4%) with abnormal findings and 178 cases with-
out abnormal findings. We analyzed the relationship between 
the above measurements, the presence of an abnormality in 
the inner ear, and previously known prognostic factors such as 
age and presence of dizziness.

The hearing outcome revealed that 32 cases (21.8%) expe-
rienced complete recovery, 16 cases (10.9%) showed marked 
recovery, 29 cases (19.7%) had slight recovery, and 70 (47.6%) 
patients displayed no improvement. These results did not meet 
the general SSNHL prognosis standard. Patients older than 40 
years of age didn’t experience a significant difference relative 
to younger patients in terms of the hearing threshold initially 
(p=0.21) but showed a 3.27-fold higher tendency toward hear-
ing deterioration. The presence of dizziness had a relationship 
with worse hearing initially (p=0.02) but did not affect the 
hearing outcome in this study (Table 3). MRI measurements 
also presented no correlation with the prognosis, but the hearing 

restoration prognosis was worse in conjunction with the pres-
ence of abnormalities in the inner ear in the other cases (Fig. 4).

Time intervals between the onset of ISSNHL and IAC MRI 
conduct varied and we analyzed the correlation between find-
ings of the inner ear and the time interval between symptom on-
set and MRI performance. Interestingly, those patients who un-
derwent MRI within two weeks of ISSNHL onset showed higher 
rates of inner ear abnormality discovery than did those patients 
who underwent MRI at two weeks from onset (Table 4).

Discussion

The recent guidelines of the American Academy of Otolar-

Table 2. Average of measured values on the affected and healthy 
sides

Variable n
Side p-

valueHealthy Affected

CN CSA   60  3.14 (0.52) mm2  3.03 (0.44) mm2 0.14
BCNC diameter 208 2.04 (0.28) mm 2.03 (0.27) mm 0.14
IAC diameter

IAC_F 208 3.64 (0.51) mm 3.61 (0.49) mm 0.39
IAC_P 208 5.98 (1.11) mm 5.96 (1.06) mm 0.71

Values are presented as mean (standard deviation). CN: co-
chlear nerve, CSA: cross-sectional area, BCNC: bony cochlear 
nerve canal, IAC: internal auditory canal, IAC_F: fundus of the 
IAC, IAC_P: porus of the IAC 

Table 3. Odd ratios of each variable in relation to worse hearing 
outcomes

Variable OR 95% CI p-value
CN CSA 0.57 0.15-2.15 0.41
BCNC diameter 2.41 0.76-7.57 0.13
IAC diameter

IAC_F 0.74 0.40-1.39 0.35
IAC_P 1.18 0.88-1.58 0.28

Age (years)

Age ＜40 Reference
Age ≥40 3.27 1.40-7.62 ＜0.01

Dizziness
Absent Reference
Present 1.48 0.77–2.86 0.24

OR: odds ratio, CI: confidence interval, CN: cochlear nerve, 
CSA: cross-sectional area, BCNC: bony cochlear nerve canal, 
IAC: internal auditory canal, IAC_F: fundus of the IAC, IAC_P: 
porus of the IAC
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Fig. 4. Average pure tone threshold of patients with or without in-
ner-ear lesions on internal auditory canal magnetic resonance im-
aging scans. Patients with inner-ear lesions experienced signifi-
cantly worse hearing than those without inner-ear lesions both pre- 
and posttreatment. *pure tone average (PTA) of 0.5, 1, 2, and 4 kHz.
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yngology—Head and Neck Surgery (AAO-HNS) recommend 
that patients with SSNHL be evaluated for retrocochlear pathol-
ogies using IAC MRI or auditory brainstem response (ABR) 
assessments [1]. MRI is more cost-effective than ABR to use 
to differentiate retrocochlear lesions such as VS. [10]; thus, 
IAC MRI is considered to be the gold standard test for detect-
ing VS. The prevalence of VS within SSNHL patients is re-
ported to be 3% [4].

Recent advances in MRI techniques have enabled more ac-
curate assessments of labyrinthine lesions in SSNHL [5]. Es-
pecially, using fluid-attenuated inversion recovery (FLAIR) 
MRI, we can identify underlying pathologies in ISSNHL cases 
that were previously designated as being idiopathic. FLAIR 
MRI can assist clinicians in detecting increased protein con-
centrations or hemorrhage in the labyrinth that can contribute 
to hearing loss [11].

FLAIR MRI is a T2weighted sequence that incorporates an 
inverted signal of the cerebrospinal, endolymph, and perilymph 
fluids. Therefore, FLAIR MRI sequences can be used to iden-
tify methemoglobin in the cerebrospinal fluid in addition to re-
vealing elevated protein and cellular concentrations. On FLAIR 
images, the hypersignal intensity in the labyrinth may reflect the 
presence of blood and protein within the inner ear [11].

Also, recent improvements in the resolution of MRI can fa-
cilitate the identification of facial, cochlear, and superior and 
inferior vestibular nerves and distinguish each of these on 
oblique sagittal images of IACs. Several previous studies have 
reported results of the diameters and CSAs of CNs and FNs 
in normal or hearing-impaired populations [6-8,12].

In a recent study, the CSAs of CNs calculated from mea-
sured horizontal and vertical diameters were 0.77 mm2 for the 
affected side and 0.78 mm2 for the healthy side, indicating no 
difference existed between the two sides. Our calculated aver-
age value was relatively low as compared with the results of 
previously reported studies [7,12] but our data also indicated 
a normal distribution existed. Differing results may therefore be 
due to variations in MRI protocol details. Some previous stud-
ies reported that the size of CNs was reduced in patients with 
sensorineural hearing loss or deafness [6,8]. Our study evalu-
ated patients with SSNHL whose duration of hearing loss was 
relatively short. We considered this to be the reason for why 
our data showed no difference between the sizes of CNs in af-

fected and healthy sides, respectively. Other measured values 
such as the diameter of the IAC and BCNC similarly displayed 
no difference between the two sides. 

As previously shown [11,13,14], labyrinthine lesions such 
as intralabyrinthine hemorrhage were associated with worse 
hearing with or without treatment in our study. Labyrinthine 
lesions on IAC MRI should be considered to be an important 
prognostic factor for SSNHL. The possibility of detecting 
such labyrinthine lesions on IAC MRI is significantly higher 
when the image is taken within two weeks after onset. This can 
be explained by the course of hemoglobin decomposition: spe-
cifically, the hemoglobin in hemorrhage is metabolized from 
oxyhemoglobin to deoxyhemoglobin, methemoglobin, and then 
hemosiderin. Thus, after two weeks, the hemoglobin has be-
come hemosiderin which produces a hyposignal intensity on 
FLAIR images [11]. Thus, we recommend conducting IAC MRI 
within two weeks of SSNHL onset to detect not only chronic 
retrocochlear lesions but also acute or subacute labyrinthine le-
sions. This may assist clinicians in better predicting a patient’s 
prognosis.

The recovery rate from ISSNHL is accepted as being up to 
two-thirds of cases when using high-dose systemic steroid treat-
ment [1]. In our study, the proportion of patients who experi-
enced complete or marked recovery was less than one-third, 
which is only half of the expected rate even when including the 
slightly recovered group. Not all patients with SSNHL under-
went MRI and those with intractable hearing loss after initial 
treatment tended to be included in the group who underwent 
imaging. This may be the reason for the worse hearing out-
comes in our SSNHL sample.

This study had some limitations. IAC MRI was not per-
formed on all patients with SSNHL and oblique sagittal im-
ages were obtained from only some of the patients. Some pa-
tients had started treatment at local clinics so the evaluation 
of hearing outcome was incomplete. However, we measured 
the size of CNs or IACs on IAC MRI scans of a large number 
of patients with ISSNHL in whom other etiologies such as VS 
and MD were excluded. We also analyzed the correlation be-
tween the time of MRI after onset and the results. This study 
is expected to support clinicians in evaluating the prognosis 
of and counseling patients with ISSNHL.
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