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ABSTRACT
Objective  To investigate the diagnostic value of three-
dimensional fluid-attenuated inversion recovery (3D-FLAIR) 
MRI in children with sudden deafness caused by inner ear 
hemorrhage.
Methods  The diagnostic efficacies of three different 
MRI sequences in the examination of the inner ear for 32 
children with sudden deafness were compared. Hearing 
examination results and 3-month follow-up outcomes 
were analyzed.
Results  The age of 32 children with sudden deafness 
ranged from 5 to 18 years. MRI was performed from 1 
to 18 days after onset. Six cases of sudden deafness 
caused by inner ear hemorrhage were finally diagnosed 
clinically. For different MRI sequences, the 3D-FLAIR 
sequence detected five positive cases; the conventional 
T1-weighted image sequence also detected five positive 
cases; but the conventional T2-weighted image sequence 
only detected three positive cases. The sensitivity and 
specificity of the 3D-FLAIR sequence in the diagnosis 
of inner ear hemorrhage were 83.3% (5/6) and 96.2% 
(25/26), respectively, and the area under the curve value of 
the receiver operating characteristic curve was 0.897. In 
the hemorrhage group, all six cases had extremely severe 
sensorineural hearing loss, and the hearing recovery 
was ineffective after 3 months of follow-up. The degree 
of hearing impairment, 3-month short-term treatment 
efficacy, and 3D-FLAIR MRI in the diagnosis of inner 
ear hemorrhage between hemorrhage group and non-
hemorrhage group were statistically significant (p=0.043, 
p=0.000, p=0.000).
Conclusions  3D-FLAIR MRI is helpful for the diagnosis of 
inner ear hemorrhage in children with sudden deafness. 
Besides, short-term treatment indicates poor effects on 
children with severe hearing impairment.

INTRODUCTION
Sudden deafness is a common emergency 
in otorhinolaryngology, and if left untreated 
after onset, the prognosis may affect the 
quality of life in the future. Sudden deafness in 
children and adolescents is defined as sudden 
onset of unexplained sensorineural hearing 
loss within 72 hours in children less than 18 
years of age.1 2 Although the incidence is low, 
hearing loss in children is generally more 
severe and the effective rate and recovery rate 
are lower than those in adults.3 Recent reports 

have shown that inner ear hemorrhage can 
lead to sudden deafness.4–6 However, due to 
the small anatomy of the inner ear and the 
limitation in section thickness during the 
examination, it is difficult to detect inner ear 
hemorrhage through conventional magnetic 
resonance imaging (MRI) sequences. With 
the continuous development of modern 
imaging technology, the application of the 
three-dimensional fluid-attenuated inversion 
recovery (3D-FLAIR) sequence in inner ear 
MRI has significantly improved the detection 
rate of inner ear hemorrhage.7 At present, 
there are few studies on MRI special sequence 
examination of sudden deafness with inner 

Key messages

What is already known about this subject?
►► Sudden deafness is a common emergency in otolar-
yngology. If it is not treated in time after the onset, 
the prognosis may affect the quality of life in the 
future.

►► Inner ear bleeding can cause sudden deafness in 
children.

►► It is difficult to detect inner ear bleeding with con-
ventional MRI sequence.

What are the new findings?
►► After the three-dimensional fluid-attenuated inver-
sion recovery (3D-FLAIR) sequence was applied to 
the inner ear MRI scan, the detection rate of inner 
ear hemorrhage is significantly improved.

►► This method proved to be equally applicable to chil-
dren in this study.

►► 3D-FLAIR MRI was similar to T1-weighted image 
(T1WI) sequence in the diagnosis of inner ear hem-
orrhage, and it is feasible.

How might it impact on clinical practice in the 
foreseeable future?

►► 3D-FLAIR MRI examination can diagnose sudden 
deafness caused by inner ear hemorrhage as the 
T1WI sequence, and have the efficiency of diagnos-
ing other diseases such as inflammation. Compared 
with T1WI sequence, it is more suitable than con-
ventional inner ear imaging examination of sudden 
deafness.
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ear hemorrhage in children. Herein, we collected 
the clinical data of 32 children with sudden deafness 
admitted to the Children’s Hospital of Zhejiang Univer-
sity School of Medicine from April 2017 to July 2019. The 
efficacies of 3D-FLAIR MRI sequence and conventional 
scanning sequences in detecting inner ear hemorrhage 
were compared and the correlation between the clin-
ical characteristics and short-term follow-up results was 
analyzed to explore the diagnostic value of 3D-FLAIR 
MRI sequence for sudden deafness caused by inner ear 
hemorrhage in children.

MATERIALS AND METHODS
Clinical data
The 32 children, including 16 males and 16 females, aged 
5–18 years, had an average age of 8 years. There were 21 
cases (65%) of right ear lesions, 11 cases (35%) of left ear 
lesions, 9 cases (28.1%) of moderate hearing loss, 5 cases 
(15.6%) of severe hearing loss, and 18 cases (56.2%) of 
extremely severe hearing loss. All patients underwent 
otoscopy and acoustic immittance testing. Tympanog-
raphy showed type A curve in 23 cases and type AS curve 
in nine cases.

Inclusion criteria
(1) The guidelines for the diagnosis and treatment of 
sudden deafness formulated by the Chinese Society of 
Otorhinolaryngology-Head and Neck Surgery in 2015 
were referenced.1 (2) The included patients were 5–18 
years old. (3) Patients with diseases such as middle ear 
lesions and large vestibular aqueduct syndrome and other 
pathogenic factors such as genetic factors and systemic 
diseases were excluded. (4) MRI sequences including 
hydrographic thin-section 3D-FLAIR, T1-weighted image 
(T1WI), and T2-weighted image (T2WI) were performed.

MRI examination methods of the inner ear
Philips Achieva 3.0T superconducting MRI system was 
adopted, the head coil was used, and the inner ear 
routine scan was conducted with the scanning area 
ranging from the mastoid tip to the upper edge of the 
petrous bone. Scanning sequence: conventional T1WI/
T2WI [repetition time/echo time (TR/TE): 550 ms/14 
ms, 4000 ms/80, section thickness 3 mm]. The matrices 
were all 512×512 with an axial section thickness of 3 
mm. Other parameters were shown as follows: inner 
ear hydrography 3D-DRIVE (TR/TE: 2000 ms/200 ms, 
voxel size 0.6 mm×0.7 mm×1.0 mm), 1 mm axial and 
oblique sagittal reformation and maximum signal inten-
sity reformation after scanning; 3D-FLAIR [TR/TE/in-
version time (TI): 4800 ms/287 ms/1650 ms, voxel size 
0.75 mm×0.75 mm×1.0 mm], 1.5–2 mm axial reforma-
tion. Abnormal signal of MRI T1WI/T2WI/3D-FLAIR 
together with related clinical presentation was consid-
ered to be inner ear hemorrhage in children. Clinical 
diagnosis was finally confirmed after following up the 
patient’s response to treatment.

Grading of hearing loss
According to the criteria3 established by World Health 
Organization (WHO) in 1997, hearing loss is graded 
based on the average hearing thresholds at four frequen-
cies, 500, 1000, 2000, and 4000 Hz, in the air conduc-
tion pure tone audiometry testing. It is divided into five 
grades, including grade 0 (normal, ≤25 dB), grade 1 
(mild, 26–40 dB), grade 2 (moderate, 41–60 dB), grade 
3 (severe, 61–80 dB), and grade 4 (extremely severe, 
>80 dB). We apply the decibel value of the patient’s 
hearing impairment for statistical calculations.

Response criteria
According to the response criteria established in the 
Guidelines for the Diagnosis and Treatment of Sudden 
Deafness (2015) issued by the Editorial Board of Chinese 
Journal of Otorhinolaryngology-Head and Neck Surgery 
and the Chinese Society of Otorhinolaryngology-Head 
and Neck Surgery,3 the response is divided into cure 
(hearing threshold of each frequency returns to normal 
or reaches the hearing level before this illness or reaches 
the healthy ear level), significantly effective (hearing 
level increases by more than 30 dB on average), effective 
(hearing level increases by 15–30 dB on average), and 

Figure 1  MRI features of the inner ear before treatment in 
a 7-year-old boy with vestibular hemorrhage in the right ear. 
(A) Three-dimensional fluid-attenuated inversion recovery 
(3D-FLAIR) axial image. (B) T1-weighted image (T1WI) axial 
image. The arrows indicate right vestibular hyperintensity.

Figure 2  MRI features of the inner ear before treatment in 
an 8-year-old girl with cochlear hemorrhage in the left ear. 
(A) Three-dimensional fluid-attenuated inversion recovery 
(3D-FLAIR) axial image. (B) T1-weighted image (T1WI) axial 
image. The arrow indicates left cochlear hyperintensity 
(hyperintensity was not detected in T1WI).
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ineffective (hearing level increases by less than 15 dB). 
The decibel value of the patient’s hearing impairment 
was used for statistical analysis.

Statistical methods
SPSS (V.23.0, IBM) statistical software was used to analyze 
and process the data. The χ2 test was conducted to 
analyze gender differences, the t-test was used to analyze 
the differences of age and MRI time, Mann-Whitney U 
test was performed to compare hearing impairment and 
treatment efficacy between the two groups. MedCalc 
(V.15.2.2.0, Schoonjans, Frankakerke, Belgium) was 
employed to draw receiver operating characteristic 
(ROC) curves, and the DeLong test was carried out to 
compare the ROC curve differences. P<0.05 was consid-
ered statistically significant.

RESULTS
MRI examination of the inner ear
We divided the included children into hemorrhage group 
(n=6) and non-hemorrhage group (n=26). MRI examina-
tion was conducted in 1–18 days after onset. Six cases with 
inner ear hemorrhage were finally diagnosed clinically, 
and the morphology of the membranous labyrinth was 
normally detected by 3D reconstruction through inner 
ear MRI hydrography. Totally, 5 positive cases including 
three cases located in the vestibule (figure  1A) and 2 
cases in the cochlea (figure 1B), as well as 1 negative case 
were diagnosed through the 3D-FLAIR sequence, while 5 
positive cases (figure 2A) including 2 cases located in the 
vestibule and 3 cases in the cochlea, as well as 1 negative 
case (figure  2B) were diagnosed through conventional 
T1WI sequence. Moreover, 3 positive cases including 2 
cases in the vestibule and 1 case in the cochlea, together 
with 3 negative cases were diagnosed through conven-
tional T2WI sequence. We compared the efficacies of the 
3D-FLAIR sequence with conventional T1WI sequence 

and conventional T2WI sequence in the diagnosis of 
inner ear hemorrhage. The sensitivity and specificity of 
the 3D-FLAIR sequence were 83.3% (5/6) and 96.2% 
(25/26), respectively, and the area under the curve 
(AUC) value of the ROC curve was 0.897. The conven-
tional T1WI sequence had a sensitivity of 83.3% (5/6), 
specificity of 88.5% (23/26), and the AUC value of the 
ROC curve was 0.859. The conventional T2WI sequence 
had a sensitivity of 50.0% (3/6), a specificity of 92.3% 
(24/26), and an ROC curve AUC value of 0.712 (tables 1 
and 2, and figure 3).

Correlation between hearing examination results, clinical 
characteristics, and 3-month follow-up results and MRI 
diagnosis of inner ear hemorrhage in children with sudden 
deafness
We divided the included children into hemorrhage 
group (n=6) and non-hemorrhage group (n=26). There 
were 6 clinically confirmed cases in the inner ear hemor-
rhage group, all of which had extremely severe sensori-
neural hearing loss, including 5 cases of AS type and 1 
case of A type in the acoustic impedance tympanic curve. 
The hemorrhage disappeared after a 3-month follow-up, 
but the hearing recovery was ineffective. The non-
hemorrhage group included 12 cases of extremely severe 
hearing impairment, 5 cases of severe hearing impair-
ment, and 9 cases of moderate hearing impairment, with 
4 cases of AS-type acoustic impedance tympanic curve 
and 22 cases of type A. The differences of the degree 
of hearing impairment, 3-month short-term treatment 
efficacy, and 3D-FLAIR MRI diagnosed inner ear hemor-
rhage between hemorrhage and non-hemorrhage groups 
were statistically significant (p=0.043, p=0.000, p=0.000) 
(table 3).

DISCUSSION
Sudden deafness is a suddenly occurred and unexplained 
sensorineural hearing loss at all ages with an incidence 

Table 1  MRI diagnosis of inner ear bleeding hemorrhage

T1WI T2WI 3D-FLAIR

Total(+) (−) (+) (−) (+) (−)

Actual diagnosis Hemorrhage (+) 5 1 3 3 5 1 6
Hemorrhage (−) 3 23 2 24 1 25 26

Data were presented as number.
(+), positive; (-), negetive; 3D-FLAIR, three-dimensional fluid-attenuated inversion recovery;MRI, magnetic resonance imaging; T1WI, T1-
weighted image; T2WI, T2-weighted image.

Table 2  Diagnostic efficacies of the three MRI sequences in children with sudden deafness

MRI sequence Sensitivity (%) Specificity (%) AUC 95％ CI

3D-FLAIR 83.3 96.2 0.897 0.738 to 0.976

T1WI 83.3 88.5 0.859 0.690 to 0.956

T2WI 50.0 92.3 0.712 0.525 to 0.857

AUC, area under the curve; CI, confidence interval; 3D-FLAIR, three-dimensional fluid-attenuated inversion recovery; MRI, magnetic 
resonance imaging; T1WI, T1-weighted image; T2WI, T2-weighted image.
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of 5–20 per 100 000 per year, which has increased in 
recent years.8 The incidence of sudden deafness in chil-
dren is low, only 1/20 to 1/10 of that in adults.9 One of 
the reasons is that children’s expression ability is insuf-
ficient, thus unilateral sudden deafness is difficult to be 
observed, resulting in treatment delay. The other reason 
is that there are little attention and few studies on idio-
pathic sudden deafness in children in China. According 
to the diagnosis and treatment guidelines formulated by 
the American Society of Otorhinolaryngology in 2012,10 
children with sudden deafness need to undergo audio-
logical examinations such as acoustic impedance and 
cochlear electromyography, and inner ear MRI examina-
tions, which demonstrates that MRI plays an important 
role in the diagnosis and treatment of sudden deafness.

There is not a unified evaluation criterion on how to 
determine inner ear hemorrhage. In the past, the diag-
nosis of inner ear hemorrhage could only be confirmed 

by autopsy.11 With the widespread use of MRI, which is 
very sensitive to inner ear hemorrhage, it becomes the 
only method to date that can show labyrinthine hemor-
rhage.7 In this study, based on 32 children with sudden 
deafness, the diagnostic efficacies of 3D-FLAIR sequence, 
conventional T1WI sequence, and T2WI sequence were 
compared and analyzed after the final clinical diagnosis 
of six cases with sudden deafness caused by inner ear 
hemorrhage. We found that the sensitivity and specificity 
of the 3D-FLAIR sequence reached higher than 80%, the 
AUC value reached 0.897, and the 95% CI was 0.738 to 
0.976, which were better than those of both the T1WI 
sequence and T2WI sequence. The reason is that the 
3D-FLAIR sequence can inhibit the signal of the inner 
ear lymph, thereby better displaying the lesion while 
cutting the section thinner without increasing the artifact 
compared with the conventional sequences,12 13 which is 
similar to the results reported by Berrettini et al14 in the 
study of sudden deafness in adults. The study indicated 
that the 3D-FLAIR sequence could sensitively indicate the 
changes of components in the inner ear lymph. T1WI is 
of great significance in the diagnosis of inner ear hemor-
rhage. Patients with inner ear hemorrhage often present 
with high signal intensity on T1WI and show a tendency 
to decrease during subsequent follow-up, consistent with 
the gradual absorption and dissipation of methemo-
globin in the endolymphatic fluid. Therefore, the final 
diagnosis of inner ear hemorrhage was appropriate. The 
sensitivity, specificity, and AUC of the 3D-FLAIR sequence 
in the study were similar to those of T1WI, but the 95% 
CI was more reliable. None of the children had a history 
of otitis media or upper respiratory tract infection, and 
the abnormal signals disappeared during subsequent 
follow-up, confirming that the 3D-FLAIR sequence is 
helpful for the diagnosis of inner ear hemorrhage.

The location of hemorrhage in the six patients with 
inner ear hemorrhage in this study was not consistent, 
occurring in the vestibule and cochlea, respectively, and 
no involvement of the semicircular canal was found. 
However, the clinical manifestations were the same, 

Figure 3  Area under the curve (AUC) of the three MRI 
sequences. 3D-FLAIR, three-dimensional fluid-attenuated 
inversion recovery; T1W1, T1-weighted image; T2W2, T2-
weighted image.

Table 3  Clinical characteristics, audiological characteristics, 3-month follow-up results, and MRI diagnosis of inner ear 
hemorrhage in hemorrhage and non-hemorrhage groups

Hemorrhage (n=6) Non-hemorrhage (n=26) P value

Age/y* 9.73±3.32 8.06±3.34 0.287

Gender (M/F)† 2/4 14/12 0.909

MRI time/d* 4.17±2.13 6.46±6.02 0.370

3D-FLAIR MRI diagnosis of inner ear 
hemorrhage (affected ear (R/L/R&L))

1/4 10/6/9 0.000

Degree of hearing impairment (median/
IQR)

95/0 87.5/30.5 0.043

Treatment efficacy (median/IQR dB) 0/0 15/5 0.000

*Data were presented with mean±SD. P values were obtained by t-test.
†Data were presented with number. P values were obtained by χ2 test.
dB, decibel; 3D-FLAIR, three-dimensional fluid-attenuated inversion recovery; F, female; IQR, interquartile range; L, left; M, male; MRI, 
magnetic resonance imaging; R, right; R&L, right and left.
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all manifested as sudden onset of hearing loss in the 
affected ear. Audiological examination showed extremely 
severe sensorineural hearing loss in the affected ear, indi-
cating that hearing impairment was severe due to inner 
ear hemorrhage. It is speculated that as long as a small 
number of blood components enter the circulating fluid 
space of the inner ear, the stable body fluid environment 
of inner and outer hair cells will change, and then irre-
versible damage and even necrosis will occur, suggesting 
that in patients with extremely severe sudden deafness, 
the proportion of inner ear hemorrhage is relatively 
high. Therefore, if audiological examination of children 
with sudden deafness reveals extremely severe sensori-
neural hearing loss, inner ear MRI is recommended to 
rule out inner ear hemorrhage. This is consistent with 
the findings of Xuan et al,5 indicating that although the 
incidence of sudden deafness caused by inner ear hemor-
rhage in children is low, the pathogenetic form is similar 
to that of adults.

In this study, we found that conventional treatment 
was not satisfactory in six children with inner ear hemor-
rhage, and the hearing recovery was ineffective during 
the 3-month short-term follow-up. The treatment effect 
and prognosis were poor in patients with inner ear 
hemorrhage. The prognosis is worse than that reported 
by Xihang et al4 and Xuan et al5 in the study of sudden 
deafness caused by inner ear hemorrhage in adults. 
It is speculated that the hormone level, living environ-
ment, learning, and psychological pressure of children 
may cause poor treatment compliance or poor drug 
response.15 Although the 3D-FLAIR sequence is helpful 
for the diagnosis of sudden deafness caused by inner ear 
hemorrhage in children and its correlation with poor 
prognosis, due to the small sample size, the detailed rela-
tionship between inner ear hyperintensity and clinical 
manifestations and whether the different distribution of 
hyperintensity is associated with clinical manifestations 
still need further study.

In summary, this study shows that 3D-FLAIR MRI 
examination is helpful for the diagnosis of inner ear 
hemorrhage in children with sudden deafness. Besides, 
short-term treatment indicates poor effects on children 
with severe hearing impairment.
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