
Introduction

Patients with intralabyrinthine Schwannoma present
with episodic vertigo, tinnitus and sensorineural hearing
loss. However, they may have all or only some of these
symptoms, MØni�re's disease may be wrongly sug-
gested. Until recently, these lesions were not detectable
using conventional imaging techniques, and were dis-
covered only at surgery or autopsy [1]. We present three
patients with slow-growing labyrinthine masses to illus-
trate the role of MRI in diagnosis, follow-up, and man-
agement.

Materials and methods
Between 1991 and 1996, we examined 800 patients with senso-
rineural hearing loss, episodic vertigo or tinnitus, using MRI of the
internal auditory meatus. Axial and coronal T1-weighted images
were obtained before and after intravenous administration of
0.2 mmol/kg of gadolinium: 500/15/5 (repetition time/echo time/
excitations); 3-mm-thick contiguous sections; matrix 512 � 256 half
Fourier; field of view 250 mm. A constructive interference in stea-
dy state (CISS) sequence was also performed to investigate the in-
ner ear: 20/8/1 and 50� flip angle; 1 mm section thickness; matrix
256 � 256; field of view 180 mm. The protocol was completed by
computed tomography (CT) when abnormal signal in the labyrinth
or abnormal morphology of the inner ear was observed.
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Abstract We report the use of MRI
in the diagnosis, follow-up and ther-
apeutic management of three cases
of intralabyrinthine Schwannoma.
The diagnosis was based on the his-
tory and initial and follow-up MRI
findings. The main feature suggest-
ing the diagnosis was a nodular in-
tralabyrinthine mass of low signal
intensity on T2-weighted images,
and high or isointense signal on T1-
weighted images (relative to cere-
brospinal fluid), which showed con-
trast enhancement. Follow-up ima-
ging showed growth of the tumour
in one patient. One patient under-
went surgery for severe tinnitus. To
detect these lesions, MRI should be
focussed on the inner ear, using thin-
section T2-weighted and T1-weight-
ed images before and after contrast
medium. MRI allowed informed
surgical planning.
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Case reports

Case 1

A 68-year-old man had progressive worsening of right VIII nerve
function over 23 years, starting with vertigo and tinnitus, which
disappeared with the onset of sensorineural hearing loss at
2000 Hz. The patient became totally deaf in the right ear 16 years
later. MRI revealed a labyrinthine mass affecting both the vesti-
bule and the basal turn of the cochlea (Fig.1). MRI was performed
every 18 months; no growth of the lesion was observed after two
follow-up examinations. The history suggested a lesion which was
primarily vestibular and had extended towards the cochlea. The
onset of hearing loss at 2000 Hz correlated with impairment of the
basal turn of the cochlea. With the patient's agreement, no active
treatment was given. Nevertheless, follow-up MRI is scheduled
every 2 years.

Case 2

A 60-year-old woman had persistent, disabling tinnitus in the right
ear for 18 years. About 6 months after the onset she had several
attacks of vertigo. Although these attacks disappeared, ipsilateral
sensorineural hearing loss appeared 6 years later, and tinnitus per-
sisted. CT (Fig.2a) and MRI were thought to be normal. Some
years later, MRI of the petrous bone showed a vestibular mass
which gave slightly higher signal than the anterior labyrinth on T1-
weighted images (Fig.2b). Marked contrast enhancement of the
vestibule and the ampulla of the superior and lateral semicircular
canals was observed (Fig.2c). Two years later, on T2-weighted
images, the lesion was seen to give lower signal than cerebrospinal
fluid (CSF); the signal of the posterior labyrinth had markedly de-
creased (Fig.2d, e). Due to the severity of the tinnitus, laby-
rinthectomy was performed. The MRI findings were confirmed at
surgery: a tumour filled the vestibule and the ampulla of the lateral
and superior semicircular canals, and extended to the basal turn of
the cochlea. The remaining posterior membranous labyrinth was
fibrotic. The tumour was easily removed in toto. Histological ex-
amination revealed a vestibular Schwannoma. Unfortunately, the
patient's tinnitus was unchanged 6 months after removal of the le-
sion.

Case 3

A 23-year-old man had sensoneurinal hearing loss in the right ear,
at a 500 Hz notch. T1-weighted images showed a high-signal nod-
ular lesion at the posterior border of the second turn of the co-
chlea, which enhanced with gadolinium (Fig.3a). On T2-weighted
images, the lesion gave lower signal than CSF (Fig.3b). The lesion
was judged to be in the vicinity of the affected frequency band. The
basal turn and apex of the cochlea were clear. MRI 2 years later,
during an acute episode of total deafness and severe vertigo,
showed enlargement of the apical cochlear tumour. The vestibule
and lateral semicircular canal seemed larger (Fig.3c).

CT at the same time showed no abnormality of the bony laby-
rinth. As the patient no longer had vertigo, he refused to undergo
labyrinthectomy. One year later, imaging showed a larger tumour
extending to the apical turn, with abnormal contrast enhancement
of the labyrinthine segment of the facial nerve, not present on the
first MRI. The posterior labyrinth still appeared normal. Clinical
examination revealed complete loss of inner ear function with
unilateral deafness and vestibular arreflexia on caloric testing.

Discussion

Labyrinthine masses are usually cochleovestibular
Schwannomas. Nevertheless, Huang [2] reported an in-
travestibular lipoma. There is another report of la-
byrinthine tumours in patients with metastatic me-
ningoradiculitis [1].

Cochleovestibular Schwannomas are benign tumours
resulting from the proliferation of Schwann cells. They
typically arise in the internal auditory meatus (IAM) and
invade the vestibular and, less often, the cochlear nerves
[1]. Their estimated prevalence is 1 % in autopsy series
[3, 4]. Schwannomas may arise within the labyrinthe: 1
case in 893 petrous bone examinations was described in
an autopsy series (prevalence 0.1 %) [5]. The 0.4 % pre-
valence in our study was probably due to enrolment bias.
Analysis of the 19 previously reported cases in the Eng-
lish-language literature up to 1996 indicates that 10 tu-
mours arose on the vestibular nerve fibres, 8 on the co-
chlear nerve fibres and the site of origin of one was un-
known (Table 1) [6±18]. The sex ratio was 1 : 1. The mean
age of the patients was 49 years (range 7±84 years). The
patients were not known to have neurofibromatosis
type 2, except one with bilateral lesions.

Cochlear Schwannomas tend to occur in the basal
turn (scala tympani) and modiolus [3] a feature ex-
plained by the pathway of dendrites of the spiral gan-
glion in the modiolus. Growth in the scala tympani is
thought to be due to the proximity of the basilar mem-
brane, which is adjacent to the neurosensorial end area
[19]. From the scala tympani, these tumours may then
extend to the scala vestibuli [3]. To our knowledge, no
case of isolated Schwannoma in the cochlear duct has
been reported. Loss of spiral ganglion cells, especially in
the basal turn, appears universal [3].

Vestibular Schwannomas may arise at any point
along the vestibular nerve, including its distal branches
[4] or at the end adjacent to the ampullae of the semi-
circular canals [5, 16]. Vestibular Schwannomas may
grow to fill the vestibule and one or more of the semi-
circular canals. The labyrinth, middle ear and IAM are
the main extension pathways for labyrinthine Schwan-
nomas. Spread within the labyrinthe is progressive, with
destruction of neurones and secondary atrophy of the
ganglia. Within the labyrinth, cochlear and vestibular
tumours progressively extend up to the region of the
utriculosaccular valve or impair its function by causing
distant fibrotic areas [11, 12, 17, 18]. Obstruction may
induce endolymphatic hydrops [11, 12]. Other hy-
potheses proposed to explain intermittent en-
dolymphatic hydrops include release of potassium ions
or proteins secreted by the tumour [11], and damage to
Reissner's membrane or the stria vascularis. En-
dolymphatic hydrops may cause intermittent vertigo or
hearing loss without neoplastic invasion of the adjacent
compartment [11, 12].
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The tumour may extend through the round or oval
window into the middle ear [14]. Extension toward the
oval window may lead to fixation of the stapes and cause
conductive hearing loss [17]. The differential diagnosis
of an isolated soft tissue mass in the middle ear located
near the oval or round window is wide; MRI should
therefore be performed before surgical exploration.

Labyrinthine Schwannoma may extend through the
porus acusticus toward the IAM. Cochlear tumours oc-
cur along the cochlear nerve in the inferoanterior seg-
ment, and vestibular tumours along the upper or lower
vestibular nerves [20]. Isolated tumours occurring sim-
ultaneously in the labyrinth and the acusticovestibular
nerve have been reported in neurofibromatosis type 2
[17]; MRI clearly showed a separation between the
labyrinthine tumour and invasion of the acustico-
vestibular nerve [21].
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Fig.3 Case 3. a Axial contrast-enhanced T1-weighted image in
1994. Nodular enhancement of the posterior portion of the second
turn (arrowhead) of the cochlea. b Thin axial CISS image. Mass
with convex borders of intermediate intensity at the posterior por-
tion of the second turn (arrowhead) of the cochlea. Normal co-
chlear nerve in the IAM (black arrowhead) and lateral semi-
circular canal (arrow). c Thin CISS image in 1996. Enlarged fluid
spaces inside the semicircular canal (arrow). Loss of the fluid signal
from the anterior labyrinth, filled by the lesion (arrowhead).
d 1997: thin axial T2-weighted image showing restitution of the
normal size of fluid spaces within the lateral semicircular canal
(white arrow). Normal cochlear nerve in the IAM (black arrow-
head)

W Fig.1 Case 1. a Coronal contrast-enhanced T1-weighted image,
3 mm thick. Focal nodular enhancement in the vestibule (large ar-
row) and enhancement in the ampullae of the superior (thin arrow)
and lateral (arrowhead) semicircular canals. b Thinsection T2-
weighted axial image. Loss of signal of vestibular fluid (arrow).
c Axial contrast-enhanced T1-weighted image. Focal nodular en-
hancement of the basal turn of the cochlea due to spread of the
tumour (arrow)

Fig.2 Case 2. a Thin coronal CT through oval window. Normal
vestibule and lateral semicircular canal. b Axial contrast-en-
hanced T1-weighted image. Sightly increased vestibular signal
(arrow) relative to the anterior labyrinth. c Axial contrast-en-
hanced T1-weighted image. Enhancement of the vestibule (arrow)
and ampulla of the lateral semicircular canal (arrowhead). d Thin-
section axial T2-weighted CISS image. Intermediate signal from
vestibular mass (arrow), with signal loss in the endo- and perilym-
phatic fluid of the lateral semicircular canal (arrowhead). e Sec-
tion 2 mm lower. High signal in the posterior semicircular canal
(arrow). f CISS image. Vestibular mass with convex borders (white
arrow) extending to the ampulla of the lateral semicircular canal.
Loss of signal in the superior (white arrowhead) and posterior
(double arrowheads) semicircular canals. Normal high signal from
the vestibular nerve canal (black arrow) and anterior labyrinth
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In our experience, the notch of the sensorineural
hearing loss correlated with the site of the tumour: high-
frequency loss with tumours in the basal turn, and low-
frequency deficits with tumours in the second turn and
apex. It is difficult to establish a correlation between the
site of the tumour and hearing loss from the literature.
As the cochlear tumour grows, hearing is lost over all
frequencies.

Labyrinthine Schwannomas do not cause bone de-
struction [3]; CT does therefore not contribute to their
diagnosis except when they extend into the middle ear.
As standard MRI studies without thin T2- and T1-

weighted sections may appear normal, detection of
labyrinthine tumours requires high-resolution imaging
of the inner ear, including both T2-weighted, and T1-
weighted images before and after gadolinium. CISS or
fast spin-echo (FSE) sequences susceptible to changes
in the signal from endo- and perilymphatic fluid give
thin-section T2-weighted images with adequate spatial
resolution.

Diagnosis is based upon a localized soft tissue in-
tralabyrinthine mass, of low signal intensity on T2-
weighted images and of moderate or high signal intensity
on T1-weighted images, enhancing after gadolinium.
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Table 1 Review of 22 patients with intralabyrinthine tumours

Refer-
ence

Age
(years)/sex

Hearing
loss (Hz)

Vertigo Tinnitus Diagnosis Origin Spread

Initial Final

18 58 F Global � + ? Schwannomaa Basal turn of cochlea Modiolus

17 23 M Global
Globalb

+
�

�
+

?
?

Schwannomac

Schwannoma
Internal auditory meatus
Vestibule, internal auditory
meatus

±
Oval
window

15 40 M +d � + MØni�re's disease Schwannoma Vestibule ±

16 38 F 4±8000 + + Deafness Schwannomac Vestibule Basal turn

14 70 F + + � MØni�re's disease Schwannomac Cochlea, vestibule ±

5 67 F ? ? ? ? Schwannomaa Ampulla of lateral semi-
circular canal

±

13 73 M 4±8000 + � MØni�re's disease Schwannomac Vestibule Basal turn

11 20 M
38F

4000
Global

+
+

+
+

MØni�re's disease
MØni�re's disease

Schwannomac

Schwannomac
Vestibule
Basal turn of cochlea

Basal turn
±

12 51 M 1±2000 + + MØni�re's disease Schwannomaa Basal turn of cochlea Modiolus

3 74 M
84 F

2±4000
?

+
�

+
�

?
?

Schwannomaa

Schwannomaa
Basal turn of cochlea
Vestibule

±
±

10 54 M ? � � ? Schwannomaa Basal turn of cochlea ±

9 57 F + + + MØni�re's disease Schwannomac Ampulla of superior
semicircular canal

Vestibule

8 41 M + + + MØni�re's disease Schwannomac Vestibule ±

7 36 F + + + Tumour Schwannomac First turn of cochlea Basal turn

4 69 M Global � + ? Schwannomac Cochlea Vestibule,
Round
window

7 F + � � Cholesteatoma Schwannomac Cochlea Round
window,
middle ear

6 22 M + + � Tumour Schwannomac Vestibule Ampulla
This 23 M 500 � � Tumour ? Second turn of chochlea
report 60 F Global + + Tumour Schwannomac Vestibule

68 M Global + + Tumour ? Vestibule, basal turn of co-
chlea

a Autopsy confirmation
b Bilateral tumours

c Surgical confirmation
d Range not stated
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