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OBSERVATIONAL STUDY

Abnormal Magnetic Resonance Imaging Findings in Patients
With Sudden Sensorineural Hearing Loss

Vestibular Schwannoma as the Most Common Cause of MRI Abnormality

Kyung-Hwa Jeong, MD, Jin Woo Choi, MD, PhD, Jung Eun Shin, MD, PhD,
and Chang-Hee Kim, MD, PhD

Abstract: The etiology of sudden sensorineural hearing loss (SSNHL)
remains unclear in most cases. This study aimed to assess abnormal
magnetic resonance imaging (MRI) findings in patients with SSNHL
and evaluate the value of MRI in identifying the cause of SSNHL.

A retrospective analysis of the charts and MRI findings of 291
patients with SSNHL was performed.

In 291 patients, MRI abnormality, which was considered a cause of
SSNHL, was detected in 13 patients. Vestibular schwannoma involving
the internal auditory canal (IAC) and/or cerebellopontine angle was
observed in 9 patients. All 9 patients had intrameatal tumors, and 6 of
the 9 patients displayed extrameatal extension of their tumors. The
tumor was small (<1cm) or medium-sized (1.1-2.9cm) in these 6
patients. Intralabyrinthine schwannoma, labyrinthine hemorrhage, IAC
metastasis, and a ruptured dermoid cyst were each observed in 1 patient.

The most commonly observed MRI abnormality in patients with
SSNHL was vestibular schwannoma, and all of the lesions were small or
medium-sized tumors involving the IAC.

(Medicine 95(17):¢3557)

Abbreviations: CPA = cerebellopontine angle, FLAIR = fluid-
attenuated inversion recovery, IAC = internal auditory canal, MRI
= magnetic resonance imaging, PTA = pure tone audiometry,
SSNHL = sudden sensorineural hearing loss.

INTRODUCTION
he etiology of sudden sensorineural hearing loss (SSNHL),
defined as sensorineural hearing loss of at least 30dB in 3
contiguous audiometric frequencies occurring over less than 3
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days, remains unclear. Viral neurolabyrinthitis, intralabyr-
inthine ischemia, labyrinthine hemorrhage, and disruption of
the cochlear membrane have been suggested as possible causes
of SSNHL.

Magnetic resonance imaging (MRI) has been accepted as a
sensitive imaging method to identify lesions in the cerebello-
pontine angle (CPA), internal auditory canal (IAC), and inner
ear in patients with SSNHL.' The American Academy of
Otolaryngology—Head and Neck Surgery recommended that
patients with SSNHL undergo audiometry and MRI of the
middle and inner ear.”

In this study, we evaluated the MRI findings of 291
patients with SSNHL and assessed the frequency and charac-
teristics of the detected abnormalities.

MATERIALS AND METHODS

A retrospective analysis of the charts and MRI findings of
291 patients with SSNHL who were admitted to the Department
of Otorhinolaryngology—Head and Neck Surgery at tertiary
referral hospital from January 2007 to December 2012 was
performed. The patients met the clinical diagnostic criteria for
SSNHL, which is defined as sensorineural hearing loss of 30 dB
or more over at least 3 contiguous frequencies in pure tone
audiometry (PTA) that develops within 3 days.> All patients had
a complete history and underwent a neuro-otological examin-
ation. No patient had a history of familial deafness or metabolic
diseases. The mean PTA thresholds in the conversational fre-
quencies (0.5, 1, 2, and 4kHz) were calculated and used to
define each patient’s hearing level.* MRI was performed within
10 days after the onset of sudden hearing loss in all patients,
excluding 1 patient who underwent MRI 18 days after the onset
of sudden hearing loss (See Results). MRI was conducted using
a 1.5 or 3.0 T MRI (Signa HDx: GE healthcare, Milwaukee, WI)
with a phased-array head coil. Our IAC MRI protocol included
2-mm thick T1 (TR/TE on 1.5 T and 3.0 T MRI; 600/14 ms and
800/2ms) and T2(TR/TE; 4000/92ms and 4000/107 ms)
weighted axial images, 3D balanced steady-state gradient echo
sequence (FIESTA) for cranial nerves, and postcontrast 3D
volumetric T1-weighted images (SPGR). The parameters for
acquiring FIESTA data for cranial nerves on 1.5/3.0 T MRI were
the following: TR, 6.1/7.28 ms; TE, 1.7/2.30 ms; FOV, 180 mm;
flip angle, 65°/60°; matrix, 512 x 256; acquiring slice thick-
ness, 1 mm; reconstructed slice thickness, 0.5 mm. Postcontrast
3D volumetric T1-weighted images (TR/TE, 8.85/3.95ms;
FOV, 180 mm; flip angle, 12°; matrix, 256 x 256; acquiring
slice thickness, 1.2 mm; reconstructed slice thickness, 0.6 mm)
were obtained at 1 minute after an intravenous bolus injection of
a standard dose of gadobutrol (Gadovist; Schering, Berlin,
Germany; 0.1 mmol/kg of body weight) through the antecubital
vein using a power injector with a rate of 1 mL per second. All
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TABLE 1. Summary of Abnormal MRI Findings in Patients
With SSNHL (n=13)

Abnormality Number of Patients

Vestibular schwannoma
Intralabyrinthine schwannoma
Labyrinthine hemorrhage
TAC metastasis

Ruptured dermoid cyst

—_ = = = O

IAC =internal auditory canal; MRI = magnetic resonance imaging;
SSNHL = sudden sensorineural hearing loss.

injections were followed by a saline flush of up to 20 mL. The
scanning encompassed the region from the mastoid to the upper
edge of the petrous bone. All patients were administered
systemic high-dose steroids (prednisolone 1mg/kg/day for 4
days, tapered off over the next 10 days). The Institutional
Review Board of Konkuk University Medical Center approved
the study (KUH1110056).

RESULTS

Among 291 patients, 153 patients were women and 138
patients were men (mean age, 45.7 years; range, 11-81 years).
SSNHL was unilateral in all patients, and 275 of 291 patients
complained of tinnitus on the side of SSNHL. MRI abnormality,
which was considered a cause of SSNHL, was detected in 13
patients (Table 1). Other 278 patients who did not show MRI
abnormality as a cause of SSNHL were finally diagnosed with
idiopathic SSNHL, although some patients showed abnormal
MRI findings such as ‘‘mild chronic ischemic changes in
bilateral cerebral white matter’> which were not considered
causes of SSNHL.

The most common finding was vestibular schwannoma
involving the IAC and/or CPA (n=9, Table 2, Figure 1). The
ages of these 9 patients (5 men and 4 women) ranged from 40 to
65 years, and the right and left side were involved in 4 and 5
patients, respectively. Three patients exhibited only intrameatal
tumors, and 6 patients had intrameatal tumors with medial
extension out of the porous. All 6 of these patients had small
(<1 cm) to medium-sized (1.1-2.9 cm) tumors. When measur-
ing the size of the tumors, intrameatal tumors and the largest

TABLE 2. Clinical Characteristics of Patients With Vestibular
Schwannoma Presenting With Sudden Sensorineural Hearing
Loss

No. Age/sex Side Size (mm) Initial PTA (dB) Initial SD (%)

1 47/F R Intrameatal 53 48
2 55M L 11.9 105 0

3  47/F L Intrameatal 49 88
4  65/F R 144 43 92
5 40M R 142 49 52
6 55M R 69 49 64
7 61/F L 6.0 35 100
8 56/M L 79 84 28
9 62M L Intrameatal 36 92

PTA = pure tone audiometry; SD = speech discrimination.
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FIGURE 1. Intrameatal vestibular schwannoma. An axial T2-
weighted image (A) reveals a mass with low signal intensity in
the left internal auditory canal (arrow). Post-contrast axial T1-
weighted image (B) demonstrates a well-enhancing mass in the
left internal auditory canal (arrow).

extrameatal diameter were used according to the recommen-
dation of the Consensus Meeting on Systems for Reporting
Results in Vestibular Schwannoma.* The mean PTA threshold
was 56 4+ 23 dB, and the mean speech discrimination score was
63% = 34%. Contralesional ear did not show hearing loss. The
patients with serviceable hearing loss (better than 50dB PTA
average/50% speech discrimination score) were followed-up
with serial audiometry and MRI imaging, which revealed no
change of tumor size for 2.5 to 3.7 years. Two patients with
nonserviceable hearing received gamma knife surgery, and after
surgery hearing was aggravated (110dB in patient no. 2 and
99 dB in patient no. 8). One patient displayed a well-defined
nodular enhancing lesion in the left IAC fundus and basal turn
of the cochlea that was compatible with intralabyrinthine
schwannoma (Figure 2). This patient showed low-frequency
mixed hearing loss with PTA average of 46 dB in air conduction
and 35 dB in bone conduction on the left side, and contralateral
side showed normal hearing. The patient did not undergo
surgery, and was followed-up with serial audiometry and
MRI imaging, which revealed no aggravation of hearing loss
nor tumor growth over 3 years.

In a previously healthy, 14-year-old patient, increased
signal intensity was noted on precontrast T1-weighted and
T2 fluid-attenuated inversion recovery (FLAIR) images in
the right cochlea and vestibule (Figure 3A and D). Plain T2-
weighted images revealed symmetric signal intensity in both
labyrinths (Figure 3C). Contrast-enhanced T1-weighted images
revealed no change in signal intensity (Figure 3B). Based on the
MRI findings, a diagnosis of subacute labyrinthine hemorrhage
was made. Vertigo was accompanied by SSNHL, and PTA
revealed an average threshold of 106 dB on the right side. The
left ear showed normal hearing level. MRI was performed 18
days after symptom onset. The right ear showed no hearing
improvement after treatment using systemic corticosteroids.

Distant metastasis into the IAC from stomach cancer was
detected in a 56-year-old patient who suddenly developed total
hearing loss on the right side, although hearing level on the left
side was normal. MRI revealed evidence of leptomeningeal
carcinomatosis with enhancing lesions in the right IAC

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 2. Intralabyrinthine schwannoma. (A) An axial T2-
weighted image shows a hypointense filling defect in the basal
turn of the left cochlea and fundus of the internal auditory canal
(arrow). (B) An axial contrast-enhanced T1-weighted image
demonstrates an enhancing mass in the basal turn of the left
cochlea with extension into the fundus of the internal auditory
canal (arrow).

(Figure 4). The patient received whole-brain radiotherapy and
palliative chemotherapy, but the right hearing loss did not
recover.

In a 17-year-old patient with SSNHL, MRI demonstrated a
mass with heterogeneous hyperintensity between the sigmoid
sinus and cerebellum on both T1- (Figure SA and B), and T2-
weighted images (Figure 5C), which led to a radiological
diagnosis of dermoid cyst.’> Contrast-enhanced T1-weighted
images exhibited no change in signal intensity (Figure 5D).
The right vestibular aqueduct was slightly dilated and filled
with high-signal-intensity lesions (Figure 5A). High-resolution
T1- and T2-weighted images revealed foci of high signal
intensity in the cochlea and vestibule (Figures 5B—D). Based
on the MRI findings, a diagnosis of a dermoid cyst that had

ruptured into the endolymphatic sac and then into the cochlea
and vestibule was made. Preoperative PTA average was 71 dB
and speech discrimination score was 24% on the right side, and
the left ear showed normal hearing level. The patient underwent
surgery, and histopathologic examination uncovered keratinous
debris and sebaceous glands lined by stratified keratinizing
squamous epithelium consistent with the diagnosis of a dermoid
cyst. Postoperative PTA average was 96 dB and speech dis-
crimination score was 12% on the right side.

DISCUSSION

The present study demonstrated that 4.5% (13 of 291) of
patients with SSNHL exhibited abnormality on IAC MRI, and
the most common abnormality detected in these patients was
vestibular schwannoma.

Patients with vestibular schwannoma may have variable
symptoms including hearing loss, dizziness, and tinnitus, and
SSNHL has been reported as a presenting symptom of vestib-
ular schwannoma.®™® Possible mechanisms of SSNHL such as
mechanical compression of the cochlear nerve, microvascular
compromise in the cochlea, endolymphatic hydrops, and bio-
chemical changes of inner ear fluids have been suggested.”'°
Although tumor size is not believed to be correlated with the
severity of hearing loss,” the correlation between tumor size and
the incidence of SSNHL is controversial. It has been reported
that SSNHL is more frequently encountered in small tumors
(<1 cm) than in medium-sized (1.1-2.9 cm) and large tumors
(>3 cm).® However, no relationship was found between tumor
size and the incidence of SSNHL in another study.'' Lateral
tumors originating from or extending to the IAC have been
more frequently associated with hearing loss than medial
tumors,””!? and this finding was believed to be associated with
compression of the cochlear nerve because of an elevation of
IAC pressure induced by the tumor. In our study, vestibular
schwannoma involved the IAC in all 9 patients, and the tumors
were small or medium sized, which was consistent with
previous studies.”®'?

Concerning intralabyrinthine schwannoma, 99% of
patients exhibit hearing loss, and the pattern of hearing loss
is variable."? Intralabyrinthine schwannoma may present with

FIGURE 3. Labyrinthine hemorrhage. An axial precontrast T1-weighted image (A) reveals slightly higher signal intensity in the right
labyrinth (arrow). An axial contrast-enhanced T1-weighted image (B) demonstrates no appreciable increase in the high-intensity signal in
the right labyrinth (arrow). An axial T2-weighted image (C) shows symmetric signal intensity in both labyrinths. A T2 fluid-attenuated
inversion recovery image (D) shows slightly increased signal intensity in the right labyrinth (arrow).
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FIGURE 4. Distant metastasis into the internal auditory canal from
stomach cancer. Post-contrast axial view of a 3-dimensional fast
spoiled gradient-echo image reveals soft tissue mass with hetero-
geneous enhancement in the internal auditory canal and cere-
bellopontine angle (arrow).

progressive (61% of the patients), fluctuating (7% of the
patients), or sudden (39% of the patients) patterns of hearing
loss.'* Considering that 38% of intralabyrinthine schwannomas
did not involve the cochlea or IAC even though hearing loss was
observed in 99% of the patients,'* pathophysiologic mechan-
isms of hearing loss other than isolated neural damage have
been suggested. Blockage of endolymphatic flow by a tumor
may lead to endolymphatic hydrops,'* and abnormal metab-
olites or interruption of K* cycling within the labyrinth may
disrupt the function of hearing.'> As observed in our patient,
intralabyrinthine schwannoma can display characteristic MRI
findings of a lack of normal fluid density on T2-weighted
imaging, with corresponding enhancement observed on gado-
linium-enhanced T1-weighted scans.

Temporal bone histopathologic examination in patients
with SSNHL and vertigo revealed spontaneous labyrinthine
hemorrhage. A massive collection of blood was observed in
the perilymphatic space, and a smaller hemorrhage was
observed in the endolymphatic space.'® Endolymphatic hemor-
rhage and destruction of the stria vascularis were also observed
in a patient with SSNHL and vertigo who died of leukemia.'”
Labyrinthine hemorrhage has been previously observed in MRI
studies of patients with SSNHL and vertigo.'® ' Normal inner
ear structures are isointense with cerebrospinal fluid on both T'1-
and T2-weighted MRI images. Abnormal high-intensity signals
in the inner ear organs on precontrast T1-weighted images that
do not change after enhancement may indicate the presence of a
labyrinthine hemorrhage. High signal intensity on precontrast
T1-weighted images is likely caused by intracellular methe-
moglobin and an increased concentration of protein macromol-
ecules within the endolymph and perilymph after hemorrhage.'®
Intracellular methemoglobin is normally converted from deox-
yhemoglobin, which is generated from oxyhemoglobin. These
conversion processes are delayed by the relatively high oxygen
tension in inner ear fluid. Thus, high signal intensity on pre-
contrast T1-weighted images might become apparent after the
subacute stage of a hemorrhagic event.'® High signal intensity
on T2 FLAIR images is another characteristic of labyrinthine
hemorrhage.” MRI was performed in our patient with vertigo-
associated SSNHL 18 days after the onset of sudden hearing
loss. Because labyrinthine hemorrhage exhibits high signal
intensity on T1-weighted MRI only in the subacute or chronic
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FIGURE 5. Ruptured dermoid cyst into the endolymphatic sac,
cochlea, and vestibule. A mass with heterogeneous hyperintensity
is located between the sigmoid sinus and cerebellum on axial T2-
weighted (A and B), precontrast T1-weighted (C), and postcon-
trast T1-weighted (D) images (thick arrow). AT2-weighted image
at the level of vestibular aqueduct (A) shows that the right
vestibular aqueduct is dilated and filled with hyperintense material
(thin arrow). Foci of high signal intensity (arrowheads) are demon-
strated in the right cochlea and vestibule on axial T2-weighted (B),
precontrast T1-weighted (C), and postcontrast T1-weighted (D)
images.

stage,'®2° MRI performed in the early stage may not reveal the
findings of labyrinthine hemorrhage in patients with SSNHL
who might have labyrinthine hemorrhage.

SSNHL caused by IAC metastasis is a rare initial present-
ing symptom in patients with leptomeningeal carcinomatosis.
Leptomeningeal involvement occurs in approximately 5% of all
patients with malignant tumors, most commonly in those with
breast, lung, renal, stomach, or prostate cancer.”” Cranial nerves
111, V, and VII are the most commonly affected cranial nerves in
patients with leptomeningeal carcinomatosis,”* and 10% of
patients have cranial nerve VIII involvement.>> Gadolinium-
enhanced MRI findings of heterogeneous nodular enhancement
in the IAC and CPA with leptomeningeal enhancement may
facilitate a differential diagnosis.

Because dermoid cysts contain lipid metabolites, decom-
posed epithelial cells, cholesterol crystals, and hair, they display

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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MRI findings similar to those of fat. Rupture of dermoid cysts,
although rare, has been described, and elevation of intracystic
pressure because of increased glandular secretion, which may
be caused by age-dependent hormonal changes, movements of
the head, or brain pulsation, were suggested as possible mech-
anisms.?® In our patient, a dermoid cyst was interdurally located
between the dural leaflets of the sigmoid sinus and the posterior
fossa, and as a dermoid cyst grows, the thin wall of the adjacent
extraosseous part of the endolymphatic sac might be eroded.
The foci of high signal intensity observed in the vestibular
aqueduct, cochlea, and vestibule on precontrast T1-weighted
MRI may indicate lipid metabolites within the endolymphatic
space because of the spillage of lipid metabolites into the
endolymphatic system after the rupture of a dermoid cyst,
which might have disrupted endolymphatic homeostasis, lead-
ing to SSNHL.

Although the present study has certain limitations because
a definitive diagnosis by histopathologic examination was not
made in most patients, this study may provide various examples
of MRI abnormalities that are associated with SSNHL.

CONCLUSION

Various causes of SSNHL such as vestibular schwannoma,
labyrinthine hemorrhage, IAC metastasis, ruptured dermoid
cyst, and intralabyrinthine schwannoma could be identified
from MRI findings. The most commonly observed MRI
abnormality in patients with SSNHL was vestibular schwan-
noma, and all of the lesions were small or medium-sized tumors
involving the IAC.
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