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Introduction

Sudden sensorineural hearing loss (SSNHL) is defined as 

an acute sensorineural hearing loss of at least 30 dB over three 
contiguous frequencies occurring within 3 days. The annual 
incidence of SSNHL is reported to be 5-20 cases per 100000 
people.1) The causes of SSNHL are still not entirely clear, with 
as many as 90% of cases considered idiopathic.2) The standard 
treatment for SSNHL has been oral administration or intra-
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Background and Objectives   Previous studies reported abnormalities in MRI as a poor 
prognostic indicator of sudden sensorineural hearing loss (SSNHL). Since abnormalities in 
three-dimensional (3D) fluid-attenuated inversion recovery (FLAIR) are strongly correlated 
with the initial hearing function, the prognostic value of the 3D FLAIR images should be 
carefully evaluated to avoid collinearity. We aimed to evaluate abnormalities on the 3D 
FLAIR images as an independent prognostic factor in the matched SSNHL groups.
Subjects and Method   We retrospectively reviewed medical records of 179 patients with 
SSNHL who underwent temporal MRI, including the 3D FLAIR sequence, between January 
2015 and December 2019. Patients were divided based on the presence of cochlear abnormali-
ties on the 3D FLAIR images. Hearing prognosis was evaluated with and without matching 
for initial hearing and treatment interval.
Results   The groups were similar in sex (p=0.091), age (p=0.925), treatment interval (p= 

0.216), and MRI interval (p=0.828). Notably, patients with cochlear abnormalities on the 3D 
FLAIR images showed distinctly more severe hearing loss (p<0.001) at the initial pure tone 
average (PTA) assessment and poorer outcomes (p<0.001) compared to those without abnor-
mality. After matching for initial hearing and treatment interval, the hearing outcome, mea-
sured by PTA, was similar between the groups (p=0.681).
Conclusion   Cochlear signal abnormality in 3D FLAIR MRI was associated with poor ini-
tial hearing. However, it did not affect hearing recovery outcomes when the groups were 
matched. 	 Korean J Otorhinolaryngol-Head Neck Surg 2022;65(3):143-9
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tympanic injection of corticosteroids,1,3,4) with both showing 
similar results.3,5) Many studies reported on the prognostic fac-
tors of SSNHL, including neutrophil/lymphocyte ratio, initial 
hearing functions, early treatment response, abnormalities in 
MRI, and others.6)

Abnormalities in MRI were reported in 27%-53% of SSNHL 
cases.7) Fluid-attenuated inversion recovery (FLAIR) sequence 
MRI was used in many studies, and it was reported that signal 
enhancement in the cochlea was associated with poor prog-
nosis and poor initial hearing function.3,8,9) Signal enhancement 
in the cochlea of the affected side in three-dimensional (3D) 
FLAIR is known to represent methemoglobin or proteinaceous 
exudate in the inner ear fluid space.7) The poor prognosis and 
poor initial hearing function can be partially explained by a 
severe disruption of the blood-labyrinthine barrier (BLB) that 
can cause massive infiltration of methemoglobin or protein-
aceous exudate. Poor initial hearing function in 3D FLAIR-
positive SSNHL patients has been consistently reported. How-
ever, the prognosis of these patients seems to vary from study 
to study. For instance, Berrettini, et al.8) and Lee, et al.10) failed 
to find a significant relationship between 3D FLAIR abnor-
malities and hearing improvement. 

The initial hearing function is generally regarded as an im-
portant prognostic factor for hearing recovery.11,12) As the sig-
nal abnormality in 3D FLAIR was strongly correlated with 
the initial hearing function in previous studies, the prognostic 
utility of 3D FLAIR images should be carefully evaluated to 
avoid collinearity. Furthermore, the natural course of spon-
taneous recovery from SSNHL was reported to occur mainly 
within 2 weeks after symptom development.13) The time in-
terval from SSNHL onset to corticosteroid treatment was also 
reported to be an important prognostic factor, but some con-
troversy remains.2) 

Therefore, the present study aimed to investigate the prog-
nostic value of 3D FLAIR images independently of possible 
confounding factors. Initial hearing and treatment interval-
matched patients were analyzed to minimize the confounding 
factors. We believe this study would help elucidate the prog-
nostic utility of 3D FLAIR for SSNHL patients. 

Subjects and Methods

Patient enrollment
This cohort study was approved by the Institutional Review 

Board (IRB) of the authors’ affiliated hospital (4-2020-1090), 
and it was conducted in accordance with the principles out-

lined in the Declaration of Helsinki. Using our institution’s 
electronic database searching software, we screened 4643 pa-
tients who were diagnosed with SSNHL in our third referral 
university hospital between January 2015 and December 2019. 
Among them, 546 patients underwent temporal MRI includ-
ing 3D FLAIR sequence. The medical charts of 546 patients 
were reviewed, and the patients who satisfied the inclusion 
criteria but not the exclusion criteria were enrolled for analy-
sis. The inclusion criteria were: 1) aged 20-79 years (512 in-
cluded); 2) pure tone average (PTA) in the unaffected side 
<30 dB (467 included); 3) time interval to treatment from 
onset <10 days (321 included); 4) time interval to MRI from 
onset <30 days (284 included). The exclusion criteria were: 
1) delayed treatment after the hospital visiting day (0 exclud-
ed); 2) recurring SSNHL (57 excluded); 3) abnormal findings 
on MRI that could affect hearing function (e.g., vestibular 
schwannoma, chronic otitis media) (40 excluded); 4) conduc-
tive hearing loss (e.g., abnormal drum finding, air-bone gap 
>10 dB in PTA) (8 excluded). After the screening process, 
179 SSNHL patients were enrolled in this study. 

SSNHL diagnosis, evaluation, and treatment
Patients with sensorineural type hearing loss of at least 30 

dB over three contiguous frequencies that occurred within 3 
days were diagnosed as SSNHL. All patients were routinely 
investigated for ototoxic medication and noise exposure his-
tory. Otoscopic examination and pure tone audiograms were 
also routinely conducted and described in the medical chart. 
Temporal MRI, including 3D FLAIR images, was routinely 
recommended but selectively conducted on consenting pa-
tients. SSNHL patients were prescribed high dose oral corti-
costeroid therapy (methylprednisolone 48 mg daily for 5 days, 
tapered out for the following 5 days) from the day of hospital 
visit. Few patients, likely to suffer from adverse side effects 
of systemic corticosteroid administration, were injected dexa-
methasone to the middle ear through the tympanic membrane. 
Three months after SSNHL onset, pure tone audiogram was 
conducted to evaluate the final hearing outcome. The degree 
of recovery was also evaluated at that time according to the 
Siegel’s14) criteria.

 
Hearing test and MRI protocol

Pure tone audiogram test was conducted in a sound-proof 
chamber. Bone-conduction and air-conduction hearing were 
evaluated. A threshold of over 120 dB in the air-conduction 
hearing test was regarded as scaled-out. PTA was defined as 
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the average air-conduction thresholds at frequencies of 500, 
1000, 2000, and 4000 Hz. We used 120 dB for the scaled-out 
data when calculating the PTA.

MRI examinations were performed on 3-T scanners (Achie-
va [Philips Healthcare, Best, The Nethelands] and Ingenia 
[Philips Healthcare]). The following parameters were used 
for the 3D FLAIR: repetition time, 4800-8000 ms; echo time, 
160-344 ms; flip angle, 90°; field of view, 180×180 mm; sec-
tion thickness, 1.0-1.2 mm; matrix, 256×256. The radiolo-
gist doctor interpreted pre-contrast 3D FLAIR images and 
gadolinium enhanced images. When the report indicated ab-
normal FLAIR findings, experienced ENT doctor performed 
a secondary inspection of the MRI examination.

 
Statistical analysis

Categorical variables were compared by Fisher’s exact test. 
Student’s t-test was used to compare continuous parameters 
between groups. To create two matched groups of “FLAIR-
positive” and “FLAIR-negative,” pairwise 1:1 matching was 
performed based on two variables, initial PTA (maximal dif-
ference, 5 dB) and treatment interval (maximal difference, 3 
days) in the patients with severe (70-90 dB) to profound (higher 
than 90 dB) initial hearing loss. The two groups, each consist-
ing of 23 matched patients, were created and compared us-
ing Student’s t-test. One patient in the FLAIR-positive group 
was excluded from the matched group, as he/she failed to be 
paired based on initial PTA and treatment interval. Multi-
variate logistic regression was performed in 179 enrolled pa-
tients and 56 patients with profound initial hearing level. A 
p-value<0.05 was considered statistically significant. Statis-
tical analyses were conducted using IBM SPSS Statistics for 
Windows, Version 25.0 (IBM Corp., Armonk, NY, USA).

Results

Patient data categorized by cochlear abnormalities 
on 3D FLAIR images

Of the 179 patients, 153 showed symmetric signal in the 
cochlea (FLAIR-negative group) and 26 showed signal in-
creased cochlea in the affected side (FLAIR-positive group) 
on 3D FLAIR images (Table 1). There was no difference in 
sex (p=0.091), age (p=0.925), treatment interval (p=0.216), 
and MRI interval (p=0.828) between the two groups. Notably, 
the group with signal increased cochlea in the affected side 
on 3D FLAIR images showed distinctly more severe hearing 
loss at the initial PTA (p<0.001) and poorer outcomes (p< 
0.001) compared to the symmetric signal group. This result 
implies that an increased signal on 3D FLAIR images is strong-
ly associated with the severity of initial hearing loss. Further-
more, we found significant correlation between initial PTA 
and cochlea signal increase in 3D FLAIR using Pearson cor-
relation test (coefficient r=0.378, p<0.001). Consequently, the 
initial hearing should be carefully controlled to reveal the prog-
nostic value of 3D FLAIR images.

Hearing recovery in the matched groups
As mentioned above, the initial hearing and treatment in-

terval could be significant confounding factors affecting the 
final hearing outcome. To investigate the hearing outcome of 
SSNHL patients independently of the initial hearing and 
treatment interval, we matched the patients with severe to pro-
found initial hearing for these factors (Table 2 and Fig. 1). Af-
ter matching, the groups were similar in sex (p=0.071), age 
(p=0.438), treatment interval (p=0.666), MRI interval (p= 

0.133), and initial hearing (p=0.617). The pure tone threshold 
at each of the tested frequencies (500, 1000, 2000, and 4000 
Hz) was similar between the groups (Fig. 2). Notably, the fi-
nal hearing outcome in both groups was also similar in the 

Table 1. Data of enrolled patients

FLAIR-negative (n=153) FLAIR-positive (n=26) p-value

Sex (male:female) 71:82 17:9 0.091
Age (year) 49.6±12.7 49.9±11.0 0.925
Treatment interval (day) 3.5±2.7 4.2±3.1 0.216
Intratympanic injection 9 (5.9) 3 (11.5) 0.386
MRI interval (day) 10.2±7.7 10.6±7.9 0.828
Initial PTA (dB) 69.7±27.1 100.1±22.6 ＜0.001
Final PTA (dB) 38.4±27.4 71.2±28.8 ＜0.001
Siegel’s recovery (grade 1/2/3/4) 65/29/15/44 3/1/9/13 ＜0.001
Data are presented as mean±standard deviation or n (%). FLAIR, fluid-attenuated inversion recovery; PTA, pure tone average
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pure tone threshold (p=0.315) or the Siegel’s recovery crite-
ria (p=0.324). Thirty percent of FLAIR-negative group and 
9% of FLAIR-positive group showed improvement in grades 
1 and 2 by Siegel’s criteria, with no difference between the 
groups (odds ratio=0.218, 95% confidence interval 0.040-
1.192, p=0.135). 

Logistic regression analysis in patients with 
profound initial hearing

Next, we tried to confirm the effect of each prognostic fac-
tor using logistic regression analysis. Because initial hearing 
can affect FLAIR MRI results, the analysis was conducted in 
both groups of the whole cohort (n=179) and patients with pro-
found initial hearing (n=56). As a dependent variable, hear-
ing recovery was defined when Siegel’s recovery level was 1 
or 2. Multivariate logistic regression performed including age, 
initial hearing, FLAIR signal, treatment interval, and treatment 

type as independent variables (Table 3). In the pre-matched 
179 patients, FLAIR signal (p=0.023) and initial hearing (p< 
0.001) were significantly associated with hearing recovery. In 
the profound hearing loss patients, only initial hearing was 
significantly associated with hearing recovery (p=0.008).

Discussion

In our cohort of 179 patients, the cochlea increased signal 
in pre-contrast 3D FLAIR images positively correlated with 
the severity of SSNHL. The prognosis categorized by Siegel’s 
criteria was also better in FLAIR-negative group. However, 
based on the matched analysis, the prognosis does not seem 
to be affected mainly by the signal difference in pre-contrast 
3D FLAIR images. This result is supported by the logistic re-
gression analysis of the profound hearing loss patients group. 
The positive relationship between initial hearing and FLAIR 

Table 2. Data of matched patients

FLAIR-negative (n=23) FLAIR-positive (n=23) p-value

Sex (male:female) 10:13 17:6 0.071
Age (year) 52.0±13.4 49.2±10.6 0.438
Treatment interval (day) 3.5±3.1 3.9±3.0 0.666
Intratympanic injection 2 (8.7) 3 (13.0) ＞0.999
MRI interval (day) 7.0±6.1 10.1±7.5 0.133
Initial PTA (dB) 101.7±18.0 104.3±17.0 0.617
Final PTA (dB) 67.1±33.7 76.0±25.3 0.315
Siegel’s recovery (grade 1/2/3/4) 3/4/6/10 1/1/8/13 0.324
Data are presented as mean±standard deviation or n (%). FLAIR, fluid-attenuated inversion recovery; PTA, pure tone average

Fig. 1. Similar hearing recovery between matched groups. The 
average pure tone thresholds of individual patients were plotted on 
the graph. Empty circles connected to a line indicate the initial and 
final hearing thresholds of the same patient. FLAIR, fluid-attenuated 
inversion recovery.
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Fig. 2. Similar initial hearing thresholds at all frequencies in the 
matched groups. There was no difference between the groups at 
frequencies of 500, 1000, 2000, and 4000 Hz. The empty and black 
circles indicate the mean pure tone threshold of FLAIR-negative 
and FLAIR-positive groups, respectively. The error bar indicates 
standard deviation. FLAIR, fluid-attenuated inversion recovery.
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signal increase likely causes overestimation of the prognostic 
value of pre-contrast 3D FLAIR image. In a clinical aspect, 
the prognostic value of pre-contrast 3D FLAIR image is weak-
ened by this study. However, the importance of MRI in SSNHL 
patients should not be underestimated, as it is still an irreplace-
able method for diagnosing vestibular schwannoma. 

The results of this study agree with those of some previous 
studies,8,10) but contrasts with others showing that 3D FLAIR 
images could predict the hearing recovery result of SSNHL 
patients.15-17) The previously reported association of cochlear 
increased signal on 3D FLAIR images, and poor initial hear-
ing was reproduced in the present study. Given that a high sig-
nal on 3D FLAIR images reflects methemoglobin and pro-
teinaceous exudate, severely disrupted BLB might result in 
the severe SSNHL phenotype observed. Although the mech-
anism of SSNHL is not fully understood, it is very plausible 
that an inflammatory response is involved in its pathophysi-
ology. Hair cell loss was shown to induce an inflammatory 
reaction in the cochlea in an animal model.18) Another evidence 
could be the clinical advantage of corticosteroid therapy that 
reduces tissue damage associated with inflammation.19) Se-
vere inflammation can damage the BLB and introduce methe-
moglobin and proteinaceous exudate into the inner ear space. 
Nevertheless, disruption of the BLB seems to have a limited 
effect on cochlear function recovery, based on the result of 
this study. Since initial hearing was an important factor in 
predicting hearing recovery in other studies, hearing recov-
ery might be affected by the severity of inflammation as well 
the severity of disruption to the BLB. However, how much ex-
udate present in the inner ear space may not affect the hear-
ing recovery in SSNHL patients, based on the results of the 
present study.

To the best of our knowledge, no study has yet investigated 
the prognostic value of cochlear abnormality on 3D FLAIR 
images between initial hearing-matched SSNHL groups. How-
ever, regression analysis was attempted in several studies to 

minimize confounding factors. Using a multivariate regres-
sion model, Yoshida, et al.15) reported that the period to the ini-
tial visit, high cochlear signal, and initial audiogram were sig-
nificantly correlated with the hearing outcome. Among the 
significant variables, the initial audiogram showed the most 
significant relationship. Lee, et al.10) found, using a multivari-
ate regression model, that the presence of a high-intensity sig-
nal on pre-contrast FLAIR images was not associated with the 
final hearing outcome. However, the initial hearing was the 
most significant factor affecting the final hearing outcome in 
their study. The results of this study also demonstrated that 
initial hearing is the most considerable variable to determine 
hearing recovery. In the logistic regression analysis before 
matching, FLAIR signal was also shown to affect the progno-
sis, as in other studies. After matching, however, only the ini-
tial hearing was significant. Considering that all of the included 
variables were hypothesized as independent in the regression 
models, the strong association between initial hearing and in-
creased cochlear signal on 3D FLAIR images could lead to 
some bias in the results and overestimate the significance of 
3D FLAIR image findings.

The cochlear abnormality rate on 3D FLAIR images was 
very low (14.5%), and the initial hearing in FLAIR-positive 
group was very poor (100.1±22.6 dB). This may have resulted 
from the differences in how patients were selected for MRI as 
well as the differences in inclusion criteria, since most studies, 
including the current one, were conducted retrospectively. 
Moreover, the MRI settings, treatment modality, and the def-
inition of signal increase may have differed between studies. 
The poor initial hearing level in the present study might be an 
important limitation, as poor initial hearing in itself is a poor 
prognostic factor for hearing recovery. To control for this fac-
tor, we matched the patients by initial hearing and treatment 
interval. 

Meanwhile, post-contrast 3D FLAIR MRI findings showed 
high sensitivity and encouraging prognostic value in several 

Table 3. Logistic regression analysis

Independent variables Value
Whole cohort (n=179) Profound hearing loss (n=56)

B p-value B p-value

FLAIR signal 1=increase, 2=symmetric -1.393 0.023* 0.111 0.855
Age Continuous -0.009 0.499 -0.072 0.100
Initial hearing Continuous -0.033 ＜0.001* -0.190 0.008*
Treatment interval Continuous -0.079 0.246 -0.057 0.786
Steroid administration 0=PO, 1=ITDI -0.083 0.905 0.872 0.569
Nagelkerke R2: whole cohort=0.305, profound=0.488. Classification accuracy: whole cohort=74.7%, profound=87.3%. *p＜0.05. 
FLAIR, fluid-attenuated inversion recovery; PO, peroral administration; ITDI, intratympanic injection



Korean J Otorhinolaryngol-Head Neck Surg █ 2022;65(3):143-9

148

studies.20,21) An enhancement in the post-contrast 3D FLAIR 
MRI can demonstrate loosening of the BLB. Although both 
pre-contrast 3D FLAIR MRI and post-contrast 3D FLAIR 
MRI can reflect on the integrity of BLB, care should be taken 
to differentiate between them since the visualized pathology 
is different. Based on the results of the present study, exuded 
materials in the inner ear space have a limited effect on hear-
ing recovery. In contrast, post-contrast 3D FLAIR MRI can 
demonstrate the degree of BLB damage more directly by 
showing the leakage of the contrast medium. Therefore, en-
hancement in post-contrast 3D FLAIR MRI might be more 
strongly associated with the initial hearing and hearing recov-
ery. However, the prognostic value of post-contrast 3D FLAIR 
MRI should also be carefully interpreted since a strong cor-
relation with initial hearing could be a confounding factor, 
as shown in the present study.

The present study had some limitations. First, the interpre-
tation of MRI images was subjectively assessed, and an ob-
jective interpretation using the software would guarantee 
better reproducibility and more numbers of matched pairs. 
Moreover, the subjective assessment of MRI images might 
have led to underestimation of the asymmetry, which may 
be associated with the low rate of cochlea asymmetry in this 
study. Another limitation was the selectively conducted MRI. 
Although all of the SSNHL patients were routinely recom-
mended for MRI, it was performed in 546 of 4643 patients 
mainly due to financial reasons. The public health insurance 
system in South Korea covers the cost for MRI only if the pa-
tient has an average pure-tone threshold worse than 40 dB. 
This may bias the study population to more severe patients 
and can affect the result. The reduced number after matching 
can also cause an underestimation of the results. Thus, a large-
scale study should be conducted in the future. Nevertheless, 
it seems obvious that initial hearing is a more significant pre-
dictor of hearing recovery compared to FLAIR MRI.

In conclusion, the abnormal cochlear signal on 3D FLAIR 
MRI was associated with poor initial hearing. However, after 
matching for initial hearing, it had no association with the 
hearing recovery outcome. The exuded material in the inner 
ear space seems to have a limited influence on SSNHL prog-
nosis, but it might reflect on the severity of the disease.
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