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Introduction

A common definition of idiopathic sudden sensorineural 
hearing loss (ISSNHL) is a loss of greater than 30 dB in three 
contiguous frequencies in less than three days [1]. A number 
of ISSNHL etiologies have been proposed, including viral 
infection, vascular disturbance, and immune-mediated mech-

anisms. However, there is no conclusive evidence for any 
particular hypothesis [2-4]. 

An audiogram determines whether an acute hearing loss is 
sensorineural, conductive, or mixed. When hearing loss is 
identified, further evaluation should be carried out with com-
puted tomography (CT), which is more sensitive in conduc-
tive hearing loss, and magnetic resonance imaging (MRI), 
which is more sensitive in sensorineural hearing loss. Intral-
abyrinthine hemorrhage (ILH) in patients with ISSNHL can 
be clearly detected on MRI. ILH as a cause of SSNHL is ex-
tremely rare, and there have been few case reports in the liter-
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Background and Objectives: A number of etiologies of idiopathic sudden sensorineural 
hearing loss (ISSNHL) have been proposed, including viral infection, vascular disturbance, 
and immune-mediated mechanisms. Intralabyrinthine hemorrhage (ILH) as a cause of 
SSNHL is extremely rare, and there have been no studies defining the characteristics of hear-
ing impairment and prognosis in patients with ISSNHL due to ILH. This study aimed to inves-
tigate the difference in impaired hearing patterns and prognosis for hearing recovery be-
tween patients with ISSNHL due to ILH confirmed by magnetic resonance imaging (MRI) 
and sex- and age-matched patients with ISSNHL due to causes other than ILH. Subjects 
and Methods: We compared the results of audiometry and MRI in 12 patients who had ILH 
on MRI (hemorrhage group) and in 23 sex- and age-matched controls without abnormal find-
ings related to their hearing loss on MRI (non-hemorrhage group). Initial hearing impairment, 
progression, and recovery of hearing loss were compared between the two groups. Results: 
A majority of patients (92%) in the hemorrhage group complained of dizziness. Initial hear-
ing impairment was more frequent in the hemorrhage group than in the non-hemorrhage 
group (94.09±35.9 vs. 66.66±30.1, p-value=0.036). The final recovery threshold in the 
hemorrhage group was worse (78.19±46.26 vs. 37.17±31.96, p-value=0.014) than that 
in the non-hemorrhage group. In the hemorrhage group, hearing recovery seemed to occur 
less often at high frequencies (2,000, 4,000, and 8,000 Hz) than at low frequencies (250, 
500, and 1,000 Hz). Conclusions: The presence of ILH was associated with poor hearing 
prognosis and the occurrence of vertigo. The abrupt onset of hearing loss associated with 
vertigo and the presence of hyperresonance on fat-suppressed T1-weighted MRI images 
of labyrinthic fluid strongly suggests acute intralabyrinthine hemorrhage, and is predictive of 
considerable hearing impairment and poor prognosis.	 J Audiol Otol 2016;20(1):31-35
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matrix size, 384×384; and 12 axial 2-mm-thick sections cov-
ering the labyrinth with a 16-cm square field-of-view acquired 
using the generalized autocalibrating partially parallel acqui-
sition parallel imaging technique with an acceleration factor 
of 2. We defined ILH on MRI as high signal on unenhanced 
T1-weighted (T1W) sequence and on T2-weighted (T2W) se-
quence (Fig. 1) [9,10]. We considered only a unilateral hyper-
intense lesion on T1W imaging when compared with the sur-
rounding labyrinth and on T2W imaging with a high cerebro-
spinal fluid intensity. 

Auditory evaluation
Pure-tone thresholds were obtained for air conduction at 

250 Hz, 500 Hz, 1 kHz, 2 kHz, 4 kHz, and 8 kHz and for 
bone conduction at 250 Hz, 500 Hz, 1 kHz, 2 kHz, and 4 
kHz. Audiologic data were reported based on the methods 
recommended by the Hearing Committee of the American 
Academy of Otolaryngology Head and Neck Surgery. Pa-
tients were evaluated according to the recovery that was seen 
after a maximum of two months of follow-up. Pure tone au-
diometry was performed with patient responses to the treat-
ment classified according to Siegel’s [11,12] criteria. Then, 
we defined recovered (complete+partial+slight) and ‘‘unre-
covered (no improvement)”. “Recovery time” means the time 
at which the patient’s hearing first recovered according to 
Siegel’s criteria.

Statistical analyses
Continuous variables were summarized as mean±stan-

dard deviation and comparisons between continuous variables 
were performed using Student’s t-test. Categorical variables 
were summarized as percentages of the group total and com-
parisons between groups were performed using either Fish-
er’s exact test or the chi-square test where appropriate. All 
tests used a p-value of 0.05 as the threshold for significance, 
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ature [5-8]. 
The characteristics of hearing impairment and prognosis in 

patients with ISSNHL secondary to ILH are also unclear. In 
this study, by comparing patients with ISSNHL and ILH vi-
sualized on MRI to sex- and age-matched patients with 
ISSNHL and no ILH, we were able to distinguish hearing im-
pairment patterns and evaluate prognosis in terms of hearing 
recovery in patients with ILH. 

Subjects and Methods

Subjects
We retrospectively reviewed the records of 1046 consecu-

tive patients with ISSNHL treated in our department from 
2009 to 2013. We defined ISSNHL as acute unilateral deaf-
ness (generally within three days) defined as hearing loss of 
more than 30 dB at three consecutive frequencies. We ulti-
mately included 12 patients (hemorrhage group) who had 
ILH on MRI diagnosed by one neuroradiologist and another 
trained otolaryngologist. The control group (non-hemorrhage 
group) included 23 sex- and age-matched subjects who had 
no abnormal findings related to their hearing loss on MRI. 
None of the study participants had a neurological abnormali-
ty, history of myocardial infarction or head trauma. All pa-
tients were treated with prednisone 1 mg/kg per day for 7 
days with progressive dose reduction. None of the patients 
was treated with intratympanic steroid injection.

MRI acquisition and processing
All MRIs were performed with a 3T MR unit (Magnetom 

Trio; Siemens, Erlangen, Germany) using a receive-only, 
12-channel, phased-array coil. The scan parameters for 3D-
FLAIR were as follows: repetition time, 9,000 ms; effective 
echo time, 128 ms; inversion time, 2,500 ms; flip angle, 1,808 
(constant); turbo spin-echo refocusing echo train length, 23; 

Fig. 1. Magnetic resonance imaging of the temporal bones; axial slices. A: T1-weighted image before intravenous contrast showing a 
hyperintense signal in the basal turn of the right cochlea (arrow). B: T2-weighted image demonstrating a high signal (arrow) in the 
same location. T1-weighted image (C) and T2 weighted image (D) showing a hyperintense signal in the left anterior semicircular canal 
(arrow). T1-weighted image (E) and T2 weighted image (F) showing a hyperintense signal in the right vestibule (arrow).
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and all statistical analyses were performed using SPSS Soft-
ware (PASW for Windows, Rel. 18.0.0. 2009; SPSS Inc., 
Chicago, IL, USA). 

Results

Patient demographics are summarized in Table 1. Lesion 
laterality was 7/12 (58%) in the right ear and 5/12 (42%) in 
the left ear, and 11/12 (92%) patients had a cochlear hemor-
rhage. Hemorrhage of the vestibule and semicircular canal 
(SCC) were suspected in 42% and 50%, respectively. The 
majority of patients (92%) complained of dizziness, but the 
frequency of hemorrhagic lesions on vestibular structures 

was not correlated with this symptom. 
There were no significant differences in age, gender, BMI, 

affected ear and hematologic tests between the two groups 
(Table 2) (p-values>0.05). However, there were significant dif-
ferences in the prevalence of dizziness, initial hearing level, 
and recovered hearing level. The initial hearing impairment 
was higher in the hemorrhage group than in the non-hemor-
rhage group (94.09±35.9 vs. 66.66±30.1, p-value=0.036). 
The final recovery threshold in the hemorrhage group was 
worse (78.19±46.26 vs. 37.17±31.96, p-value=0.014), but 
the final recovery time did not differ significantly between 
the groups (p-value=0.575). 

The hearing patterns are shown in Fig. 2. Hearing impair-

Table 2. Comparison of patient demographics between the hemorrhage group and the non-hemorrhage group

Variables Hemorrhage (n=12) Non-hemorrhage (n=23) p-value
Age (years) 44.25±17.73 45.34±16.74 <0.861
Gender, male/female (number) 5/7 09/14 <0.583
BMI (kg/m2) 25.29±4.980 23.35±2.770 <0.250
Affected ear (R/L) 7/5 10/13 <0.316
Dizziness 11 (92%) 6 (26%) <0.001*
Initial hearing level (dB) 94.09±35.90 66.66±30.10 <0.036*
Final recovery hearing level (dB) 78.19±46.26 37.17±31.96 <0.014*
Final recovery time (days) 38.92±22.35 34.00±27.71 <0.575
Hemoglobin (103/u) 14.69±1.350 14.23±1.310 <0.342
WBC (103/u) 10.02±6.070 9.54±3.92 <0.807
Platelet (103/u) 272.75±84.160 286.39±50.740 <0.614
PT (sec) 10.86±0.660 10.86±0.920 <0.769
PT (INR) 0.98±0.06 0.98±0.08 <0.744
PTT (sec) 27.26±4.750 29.53±2.840 <0.164
Data with a normal distribution is expressed as the mean±standard deviation and as a number with percentage for categorical 
variables. *a p-value<0.05 value was set as the significance level, and significant differences between groups are shown in sym-
bol. BMI: Body Mass Index, R/L: right/left ears, WBC: white blood cell, PT: prothrombin time, INR: international normalized ratio, 
PTT: partial thromboplastin time, sec: seconds

Table 1.  Demographics of patients with intralabyrint

Patient No. Sex Age Lesion side Dizziness Initial thresholds 
of PTA(dB)

Final thresholds 
of PTA(dB)

Recovery 
duration (days)

MRI
Cochlea Vestibule SCC

01 F 55 Right Yes 120 105. 07 - - +

02 F 55 Left Yes 120 120. 43 + - -

03 F 22 Right Yes 48.75 30.00 21 + - -

04 M 15 Right Yes 95 26.25 44 + + +

05 M 37 Left Yes 110 98.75 30 + + +

06 M 71 Left Yes 117.5 112.5 42 + + +

07 M 45 Right No 93.75 120. 84 + + +

08 F 52 Left Yes 120 113.75 72 + - -

09 F 63 Left Yes 120 108.75 50 + + +

10 F 45 Right Yes 20 10. 35 + - -

11 M 52 Right Yes 117.5 83.75 18 + - -

12 F 19 Right Yes 43.75 6.25 21 + - -

M: man, F: woman, PTA: pure tone audiometry, SCC: semicircular canal, MRI: magnetic resonance imaging
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ment in the group with ILH was more profound than that in 
the group without ILH at every frequency. In the hemorrhage 
group, hearing recovery was less pronounced at high frequen-
cies (2,000, 4,000, and 8,000 Hz) than at low frequencies 
(250, 500, and 1,000 Hz). 

Discussion

ISSNHL secondary to ILH is a rare diagnosis best made on 
MRI. It is typically unilateral, and may be partial or complete, 
and sudden or rapidly progressive [6]. However, no study has 
described the characteristics of hearing impairment and prog-
nosis in patients with ISSNHL due to ILH [7]. In our study, 
we determined the quantitative difference in hearing impair-
ment between the hemorrhage and non-hemorrhage groups 
(94.09 dB vs. 66.66 dB). Furthermore the hearing recovery 
over two months was significantly worse in the hemorrhage 
group (p-value=0.014). The symptom of dizziness was more 
frequent (92%) in patients with ILH. The patients with ISSNHL 
and ILH seemed to suffer from worse hearing impairment and 
prognosis than patients with ISSNHL due to other causes. 

Causes of SSHL may be infectious (viral or bacterial), 
vascular, immune mediated (within the inner ear or systemi-
cally), or resulting from neurological disease (migraine, mul-
tiple sclerosis), neoplasms or ototoxicity. Potential vascular 
etiologies of ISSNHL include hemorrhagic and obstructive. 
ILH has been described in patients with aplastic anemia, sick-
le-cell disease, leukemia, secondary to cranial trauma, and 
following surgery for the treatment of vestibular schwanno-
mas [10,13-15]. However, only three (25%) of our patients 

had histories of anticoagulation therapy, and there were no 
suspicious causes of ILH in the remaining patients. 

MRI is an established diagnostic modality in the evalua-
tion of patients with ISSNHL. Although a distinct pathology 
can only be identified in 10% of patients, the differential di-
agnosis includes infection, trauma, neoplastic, immunologic, 
toxic, vascular compromise, and neurologic and metabolic 
causes [6]. In MRI, T1 hyperintense signals can in theory re-
sult from fat, protein, or blood [8]. Normally, perilymph and 
endolymph are isointense to cerebrospinal fluid on all MRI 
sequences. Fat, proteinaceous materials and methemoglobin-
emia will all cause hyperintensity on T1W imaging, but fat 
can be distinguished with suppression. ILH is characterized 
on MRI by high signal intensity on T1W imaging yet will not 
enhance with gadolinium. Plain T2W images are not helpful 
because signal intensity can be variable. Labyrinthine schwan-
nomas differ from ILH on MRI by marked enhancement fol-
lowing the administration of intravenous contrast medium 
(gadolinium). We defined ILH on MRI as high signal both on 
unenhanced T1W sequence and on T2W sequence identified 
in consensus by one neuroradiologist and a trained otolaryn-
gologist. We identified cochlear (92%), vestibular (42%) and 
SCC (50%) ILH. 

Yoshida, et al. [16] felt that high signals in the cochlea on 
pre-contrast 3D-FLAIR MRI were related to a poor hearing 
prognosis in patients with sudden hearing loss. Berrettini, et 
al. [17], however, found no such hearing correlation, but did 
associate vertigo with high signal intensity. In our study 
evaluating patients with sudden hearing impairment due to 
ILH, the presence of ILH was associated with poor hearing 
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prognosis and the presence of vertigo when compared with 
sex- and age-matched controls without ILH on MRI. To our 
knowledge, this is the first study to describe the characteristics 
and prognosis of ILH. 

In conclusion, this study aimed to investigate the differ-
ence in hearing impairment patterns and hearing recovery 
prognosis between patients with ISSNHL and ILH on MRI 
to sex- and age-matched patients with ISSNHL but not ILH. 
We determined that the initial hearing impairment was great-
er and the final recovered hearing was worse in the hemor-
rhage group than in the non-hemorrhage group. The abrupt 
onset of hearing loss associated with vertigo and the presence 
of a hyperintense signal on fat-suppressed T1W MRI images 
of labyrinthic fluid strongly suggests acute intralabyrinthine 
hemorrhage, which is associated with considerable hearing 
impairment and a poor prognosis. 
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