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Introduction

Magnetic Resonance Imaging
(MRI) has become the gold
standard in the evaluation of
patients with unilateral sen-
sorineural hearing loss, in particu-
lar to exclude acoustic schwanno-
ma and other internal auditory
canal / cerebellopontine angle
(IAC/CPA) masses. The wide-
spread use of MRI has led to
earlier detection and surgical
removal of small IAC/CPA masses,
with preservation of function.
However, the place of MRI in the
diagnostic work-up of patients
with bilateral perceptive hearing
loss, tinnitus or vertigo is not
clear. The purpose of this study is
to investigate the role of MRI in a
consecutive series of patients with
otovestibular or cranial nerve
complaints of unknown aetiology.

Materials and methods

In a sixteen-month period
(October 2001 – January 2003),
502 patients were consecutively
referred from the ENT department
to the Radiology department for
an MR examination of the CPA
(236 female, 266 male; age range
0-89 years; mean age 50 years (SD

± 17 years). The referred study
population included 430 patients
with uncertain diagnosis and
72 patients with known lesions
who underwent a repeat scan. All
patients with uncertain diagnosis
underwent a thorough otologic
examination (micro-otoscopy,
pure-tone audiometric testing and
tympanometry) to exclude periph-
eral abnormalities in the external
auditory canal and middle ear
underlying the presenting symp-
toms. When no peripheral lesion

was found, patients were sent for
MR examination. The clinical
information was used to correlate
the complaint with the radiologi-
cal findings (Table 1).

An MRI examination of the
brain and skull base was carried
out with a 1.5 Tesla system
(Siemens Sonata, Erlangen,
Germany). A circular polarised-
head coil was used and the exami-
nations were performed with the
subjects in supine position. The
imaging protocol included the
following sequences: axial T2-
weighted fast spin echo (FSE)
images through the entire brain
(TR 3800, TE 96, 3 mm slice
thickness, 172 � 230 field of view,
268 � 512 matrix), axial thin-sec-
tion heavily T2-weighted gradient
echo constructive interference
in steady state (CISS) images
through the CPA cisterns (TR 9.6,
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TE 4.8, 0.8 mm slice thickness,
125 � 125 field of view, 256 �

256 matrix), axial fat-saturated
T1-weighted spin echo (SE)
images through the posterior fossa
and petrous bones (3 mm slice
thickness). After intravenous
injection of Gd-DTPA (dosage:
0.1 mmol/kg body weight) addi-
tional axial and coronal T1-
weighted images were performed,

both with fat saturation and 3 mm
slice thickness.

For each patient the indication
for the scan and the lesions
observed on MRI were stored in
an Access database. The change in
signal intensity (higher/lower than
normal or absent) and the
sequence was specified for each
lesion. In total 1525 diagnoses
were made. Queries were con-

structed to correlate the indication
of the MR examination with the
radiological abnormalities.

Results

Radiological lesions in patients
with otovestibular complaints

The signal abnormalities we
observed can be divided into
three groups, depending on their
topography: central brain, cerebel-
lopontine angle, or peripheral
structures.

Central brain lesions

Many white matter lesions
(WMLs) represent ischaemic
demyelination (“myelin pallor”).
Bilateral symmetric changes in the
cerebral hemispheric white matter
are found with increasing frequen-
cy using CT and MRI techniques.
These non-specific white matter
signal changes are most common-
ly seen in the periventricular and
peri-ependymal regions, but also
frequently seen in the centrum
semiovale. They are often called
leukoaraiosis. This term should
not be used when white matter
changes are found in patients
younger than 35 years with uni-
lateral onset, asymmetric distribu-
tion, and extensive changes all
over the infra- and supratentorial
white matter area. In these cases, a
differential diagnosis has to be
made between leukoaraiosis and
enlarged Virchow-Robin spaces;
and diseases of the white matter,
especially lacunar infarction, sub-
cortical arteriosclerotic angiopathy
(Binswanger’s disease or subcorti-
cal arteriosclerotic encephalopa-
thy), neoplasm, and other forms of
white matter abnormalities such as
those due to infection, inflamma-
tion, a primary demyelinative con-
dition, or metabolic leukodystro-
phy.1,2 WMLs present with high

Table 1

Indication for MR examination (clinical information given to radiologist)

Vestibulocochlear nerve (VIIIth cranial nerve)

Hearing loss 208
Vertigo 64
Tinnitus 26
Hearing loss and vertigo 25
Hearing loss and tinnitus 29
Hearing loss, vertigo and tinnitus 13
Vertigo and tinnitus 12

Trigeminal nerve (Vth cranial nerve)

Trigeminal pain 13
Dysaesthesia/paraesthesia of the face 4

Abducens nerve (VIth cranial nerve)

Abducens paresis 1

Facial nerve (VIIth cranial nerve)

Tics/cramps/paresis of the face 7

Combined symptoms

Hearing loss and trigeminal pain 3
Hearing loss and dysaesthesia/paraesthesia of the face 1
Hearing loss and tics/cramps/paresis of the face 1
Vertigo and tics/cramps/paresis of the face 1
Dysaesthesia/paraesthesia of the face and tics/cramps/paresis of the face 1

Acoustic schwannoma

Follow-up known acoustic schwannoma
Unilateral 18
Bilateral acoustic schwannoma, bilateral trigeminal schwannoma 1
and meningioma
Bilateral acoustic schwannoma with unilateral surgery 1

Post surgery 25

Clinical question: Exclusion of acoustic schwannoma 8

Follow-up post-neurosurgery 10

Follow-up post-ENT surgery 3

Lesion temporal bone 1

Indication not given 13

Other 13
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signal intensity on T2-weighted
images in the cerebral or cerebel-
lar hemispheres as well as in the
brainstem (Figure 1). 

A recent ischaemic lesion is
typically characterised by restricted
diffusion on diffusion-weighted
images, indicating cytotoxic 
oedema. Moreover, recent and
subacute infarctions may show
enhancement after intravenous
administration of gadolinium-
chelates (Gd), indicating disrup-
tion of the blood-brain barrier.
Enlarged Virchow-Robin spaces
(subarachnoid spaces that accom-
pany vessels entering the brain
parenchyma) are characterised by
high signal lines or dots in the
cerebrum or cerebellum on T2-
weighted images. Cerebral atro-
phy (supra- and infratentorial) is
characterised by loss of brain 
tissue, with concomitant widening
of the cerebrospinal fluid (CSF)
spaces. This can be seen as
increased signal intensity on T2-
weighted and CISS images.

Cortical atrophy is predominantly
characterised by widening of
the cerebral and cerebellar sulci,
whereas ‘central atrophy’ is char-
acterised by enlargement of the
ventricles. Cerebral vascular mal-
formations may be divided into
distinct categories each with dis-
tinctive anatomical, pathological,
radiological and clinical features.
The four traditional subtypes
include: arteriovenous malforma-
tions (AVMs), cavernous mal-
formations, venous malformations
(or developmental venous 
anomalies) and capillary telangiec-
tasias. Recent schemes add the
following two classifications:
arterial and mixed malformations.
Cavernous (lobulated collection
of dilated endothelial-lined sinu-
soidal spaces) and arteriovenous
malformations (cluster of vessels,
typically located supratentorially,
in which arteries connect directly
to veins with no intervening capil-
lary bed) may present as mixed
signal intensities on both T1- and

T2-weighted images and can
be surrounded by a margin of
hypo-intensity. Cavernous mal-
formations have smooth margins
while arteriovenous malforma-
tions present with irregular 
margins. Developmental venous
anomalies (dilation of normally
formed medullary vessels separat-
ed by normal brain parenchyma)
are characterised by a ‘caput
medusa’ appearance with high
signal intensity on T1-weighted
images after administration of
Gd contrast. Meningiomas are the
most common extra-axial tumours
in the brain and the most frequently
occurring tumours of mesodermal
or meningeal origin. On non-
enhanced T1-weighted images,
meningiomas have no signal
intensity difference compared
with cortical grey matter.
Meningiomas present with a high
signal intensity on T2-weighted
images and intense enhancement
is seen after administration of
Gd contrast. Tonsillar ectopia
(descent of cerebellar tonsils
below the foramen magnum) is
best depicted using a sagittal or
coronal sequence. An empty sella
turcica has the appearance of an
enlarged or deformed sella that is
partially or completely filled with
CSF, resulting in an increase of
the high-intensity signal in T2-
weighted and CISS images. A
pituitary tumour presents as a mass
in the sella turcica, with a decrease
of the amount of CSF (decreased
signal on T2-weighted and CISS
images) and enhancement after
administration of Gd contrast.

Cerebellopontine angle

Enhancement along the course
of a cranial nerve without mass
effect suggests the presence of
an inflammatory lesion such as
Bell’s palsy, a postoperative state,

Figure 1
Axial turbo spin echo T2-weighted images through the centrum semiovale in two
patients with otovestibular complaints, showing multiple non-specific hyperintense sig-
nal abnormalities in white matter. The patient shown in panel a is a 48-year-old woman
with dizziness; she has multiple nodular high intensity lesions throughout the brain
parenchyma. The patient shown in panel b is a 70-year-old woman with a known histo-
ry of hypertension and tinnitus; she presents confluent high intensity areas in the white
matter of both cerebral hemispheres, consistent with ischaemic white matter lesions
(microangiopathic disease).
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herpes neuritis, Lyme disease
or Ramsay Hunt Syndrome.
However, differentiation from
small schwannomas is sometimes
not possible and therefore a fol-
low-up period of observation to
verify tumour growth is indicated.
Acoustic and trigeminal nerve
schwannomas are identified by a
focal homogeneous enhancement
of an extra-axial mass lesion
located in the CPA cistern, with or
without an intracanalicular com-
ponent along the course of the
vestibulocochlear or trigeminal
nerve. The lesions are usually
hypo-intense or present an inter-
mediate signal on T1-weighted
images and show a variable signal
pattern on T2-weighted images.
The schwannoma displaces the
CSF, and is therefore seen as
a hypo-intense mass on CISS
images. Mechanical vascular
compressions of cranial nerves in
the CPA are known as ‘micro-
vascular compression syndromes’.
They are characterised by an
artery which either runs in close
vicinity to the facial/vestibulo-
cochlear nerve with displacement
of the nerve in certain cases or
loops in the IAC on CISS images
(Figure 2).

Peripheral structures

Intralabyrinthine enhancement is
found in a number of inflammato-
ry lesions, as in viral, bacterial or
luetic labyrinthitis, and in auto-
immune labyrinthitis and perilym-
phatic fistula. A reduction of fluid
signal on T2-weighted images and
labyrinthine enhancement is seen
in patients with intralabyrinthine
(intracochlear or -vestibular)
schwannomas and in the fibrous
stage of suppurative labyrinthitis
after bacterial meningitis.
Subacute haemorrhage in the
labyrinth produces high signal

intensity both on pre- and post-
contrast enhanced images. Peri-
cochlear enhancement is seen in
retrofenestral active otosclerosis.
Osteogenesis imperfecta is a mimic
of cochlear otosclerosis, produc-
ing characteristic perilabyrinthine
and pericochlear lesions showing
soft tissue signal and moderate
contrast enhancement on MRI.3

Large vestibular aquaduct syn-
drome (LVAS) is characterised by
an enlargement of the endolym-
phatic sac, which is seen as a tubu-
lar area of increased fluid signal
on T2-weighted and CISS images;
there is concomitant erosion of the
bony canal (vestibular aqueduct)
that extends from the vestibule to
the petrous bone. Inner ear agene-
sis is characterised by the absence
of the inner ear structures on the
CISS images. High signal intensity
in T1- and T2-weighted images is
seen in incomplete aeration of

middle ear, mastoidal cells and
sinuses.

Correlation between symptoms
and radiological finding (see
Table 2)

Prevalence of white matter lesions
and central atrophy

White matter lesions (WMLs) and
atrophy of the brain were found in
50% of our study population
(215 of 430 patients). The mean
age of patients with WMLs and/or
atrophy of the brain was 59 years
(SD ± 14 years). In the group of
patients under the age of 51,
WMLs and/or atrophy were found
in 24% (49 of 205 patients), see
Figure 3.

Discussion

In the literature, there is a consen-
sus that MRI is a valuable tool,

Figure 2
67-year-old woman, with pulsatile tinnitus, predominantly on
the left. Axial T2-weighted gradient echo constructive interfer-
ence in steady state (CISS) images through the cerebellopon-
tine angle cisterns (0.6 mm slice thickness, field-of-view
100 mm, 256 � 256 matrix, in plane resolution 0.4 �
0.4 mm). The left anterior inferior cerebellar artery (AICA)
(a, arrowheads) courses laterally from the basilar artery
towards the internal auditory meatus, and describes a hairpin
loop (b, arrows) within the left internal auditory canal.
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and even the gold standard, for the
evaluation of unilateral sen-
sorineural hearing loss, in particu-
lar to exclude acoustic schwanno-
ma and other IAC/CPA masses.
The result of this study confirms
the value of MRI in patients with
otovestibular complaints (hearing
loss, subjective tinnitus, vertigo).

MRI has proven valuable not only
as a diagnostic tool for schwanno-
mas but also for a variety of other
lesions along the audiovestibular
pathway. The prevalence of cen-
tral brain lesions in this study
group is remarkably high. This
emphasises the importance of per-
forming MR imaging, not only to

observe lesions in the inner ear
and CPA, but also when searching
for lesions in the brain.

White matter lesions (WMLs)
represent ischaemic demyelina-
tion. MRI of the brain is particu-
larly sensitive to such white
matter areas of increased signal
intensity, which tend to be seen

Table 2

Radiological findings in patients with hearing loss (H), vertigo (V), tinnitus (T) and combination of complaints.
Patients with trigeminus neuralgia/dysaesthesia or paraesthesia of the face/abducens paresis/hemifacial spasm/

paresis of the face/facialgia (X). White matter lesions (WMLs)

H V + HV T + HT + X
HVT + VT

Total number of patients 229 89 80 32

Normal 46 22 17 11

Central brain lesions
WMLs cerebellum 6 1 1
WMLs cerebrum 80 26 27 8
WMLs brainstem 14 7 6 3
Atrophy cerebellum/cerebrum 94 32 34 12
Enlarged Virchow-Robin spaces 51 20 18 7
Recent infarct cerebellum 1
Arachnoidal cysts 9 1
Cavernous malformation cerebellum 1
Cavernous malformation cerebrum 1
Developmental venous anomalies cerebellum 1
Developmental venous anomalies cerebrum 1 1
Angioma brainstem 1
Meningioma tentorium cerebelli 1
Tonsillar ectopia 3 2
Empty sella turcica 6 1 1
Tumour sella turcica 2

CPA lesions

Enhancement N. abducens 1
Enhancement N. facialis 2 2
Acoustic schwannoma IAC 4
Acoustic schwannoma IAC extending in CPA 1
Trigeminal schwannoma CPA/Cavum Meckel 1
Neurovascular conflict IAC 24 16 11 2
Neurovascular conflict CPA 59 30 24 7
Neurovascular conflict N. abducens 1 1
Neurovascular conflict N. trigeminus 1 6
Neurovascular conflict N. glossopharyngeus 1
Stenosis A. carotis interna bilateral 1

Peripheral lesions

Enhancement inner ear 1
Reduction of fluid signal inner ear 1
Intralabyrinthine schwannoma 1 1
Pericochlear enhancement 2
Large vestibular aquaduct syndrome 1
Partial agenesis inner ear 1
Incomplete aeration of middle ear/mastoidal cells/sinuses 25 1 5 1
Lesion temporal bone/IAC/inner ear 1
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particularly well on T2-weighted
fast spin echo (FSE) and fluid
attenuation inversion recovery
(FLAIR) scans.4-6 FLAIR is a
sequence that reveals tissue T2
prolongation with CSF suppres-
sion, allowing the detection of
superficial brain lesions.7 T2-
weighted SE images and FLAIR
images are both superior in detect-
ing WMLs in certain parts of the
brain.8 FLAIR detected more
lesions located in cortical/subcor-
tical regions of the cerebral hemi-
spheres and deep white matter
(periventricular).9 On the other
hand, T2-weighted images
achieved a higher detection rate

for lesions located in the posterior
cranial fossa and in the brain-
stem.8,10-12 In our imaging protocol,
we preferred the use of a T2-
weighted FSE sequence through
the entire brain, since FLAIR
detected more infratentorial
lesions. 

A population of patients
(430 patients with uncertain diag-
nosis, 72 patients with known
lesions) with a diversity of com-
plaints was referred for MRI to
exclude retrocochlear pathology
after thorough ENT examination.
Lesions were found in the brain as
well as in the CPA and peripheral
structures. The relevance of some

lesions is more straightforward
than others since some of them
directly correlate with the com-
plaint. Lesions were considered to
be essential when there was an
obvious correlation with the aeti-
ology of the complaint (Table 3).
This resulted in a detection rate of
21 essential lesions in 430 patients
(4.9%).

Other lesions (atrophy of the
brain, WMLs or vascular malfor-
mations; central masses; neuro-
vascular conflict) are often found
in general populations without
any significant complaints and
are of more uncertain signifi-
cance. In our study population,
two groups of retrocochlear
lesions were frequently observed:
central WMLs/atrophy and neuro-
vascular conflict affecting a
cranial nerve. 

With regard to the central
lesions, the following question
arises: Can central pathology like
atrophy or WMLs of the cere-
brum, cerebellum or brainstem be
correlated with an otovestibular
complaint? WMLs detected with
cerebral MRI are a consequence
of cerebral hypoperfusion or
ischaemia.13 In the literature,
WMLs are found more frequently
in patients with dementia,14-16 in
patients with cognitive impair-
ment and major depressive dis-
order with anger attacks17 and
in patients with migraine.18 An
association between WMLs and
central sleep apnoea has been
demonstrated19 and the prevalence
of WMLs has been shown to be
significantly higher in patients on
peritoneal dialysis therapy.20 On
the other hand, the prevalence of
WMLs in normal individuals and
their meaning remains unclear.
In large studies with normal 
individuals, WMLs are associated
with hypertension, smoking,

Figure 3
Distribution of age of patients with otovestibular complaints

Table 3

Essential lesions found in patients with otovestibular and/or cranial nerve complaints

Number of lesions

Meningioma tentorium cerebelli 1
Recent infarct cerebellum 1
Enhancement of cranial nerves 5
Acoustic schwannoma 5
Trigeminal schwannoma 1
Enhancement inner ear 1
Reduction of fluid signal inner ear 1
Intralabyrinthine schwannoma 2
Pericochlear enhancement 2
Large vestibular aquaduct syndrome 1
Agenesis inner ear 1
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alcohol intake and diabetes.13,21-23

In all larger studies the age of the
normal study population is greater
than 55 years. And since the
prevalence of WMLs increases
with age,13,21,24,25 these studies only
provide information about preva-
lence in an older population.
According to some studies, white
matter changes may play a role in
the development of cognitive and
neurobehavioural impairments in
apparently normal elderly per-
sons.26-28 These deficits may often
be demonstrable only through
neuropsychological testing. In our
study population, the prevalence
of WMLs is 50% and prevalence
in the group of patients under
51 years is 24%. In a study with
normal volunteers with a compa-
rable age distribution a prevalence
of 47.5% was found (54 ±
13.1 years).22 In a migraine study,
however, the prevalence of WMLs
in the small control group (num-
ber of controls 32, age <55 years)
was only 3.1%.18 The question
remains whether the prevalence of
WMLs in our population is what
is to be expected. It can at least be
stated that WMLs are commonly
found in an older population and
that no conclusion can therefore
be made about the link between
WMLs and otovestibular com-
plaints. In a younger population
(aged below 51 years) the preva-
lence of WMLs is 24% and this is
higher than the prevalence found
in the few studies with normal
individuals under the age of
55 years. It remains questionable
whether WMLs in this younger
group can be accounted for by
otovestibular complaints.

A second remaining question is
whether neurovascular conflict
affecting a cranial nerve can lead
to otovestibular or cranial nerve
complaints. There are several

known ‘neurovascular compres-
sion syndromes’ in which blood
vessels compress a cranial nerve,
leading to local demyelination at
the site of compression,29-31 slowing
of nerve conduction,32 reorganisa-
tion of the nerve, and axonal
hyperactivity. This results in
symptoms like trigeminal neural-
gia (in neurovascular compression
of the trigeminal nerve), hemifa-
cial spasm (in neurovascular com-
pression of the facial nerve) and
glossopharyngeal neuralgia (in
neurovascular compression of the
glossopharyngeal nerve). Neuro-
vascular compression of the
vestibulocochlear nerve is a fre-
quent radiological finding. A
blood vessel which comes into
contact with the vestibulocochlear
nerve can cause local demyelina-
tion, reorganisation of the nerve
and axonal hyperactivity.33-35 In
recent years, several authors have
suggested compression of the
vestibulocochlear nerve in the
CPA as a possible cause for tinni-
tus.36-40 Furthermore, a recent study
showed a correlation between the
location of vascular contacts with
the vestibulocochlear nerve and
the type of tinnitus. In patients
with pulsatile tinnitus, a higher
number of vascular loops were
demonstrated in the internal audi-
tory canal.41 In patients with non-
pulsatile tinnitus, a correlation
was suggested between the loca-
tion of a vascular contact with the
cisternal part of the vestibulo-
cochlear nerve and the clinical
subtype (high- or low-pitch tinni-
tus).41 A high number of neuro-
vascular conflicts with different
cranial nerves were found in our
study population. The significance
of finding a neurovascular conflict
with the vestibulocochlear nerve
remains controversial, since the
success rate for microvascular

decompression is much lower
compared to decompressions of
other cranial nerves.42-46

Analogous to the classification
of Meniere’s disease (according to
the 1995 American Academy of
Otolaryngology-Head and Neck
Surgery guidelines for Ménière’s
disease classification), patients
undergoing MRI of the skull can
be identified and segregated as
having certain, definite, probable
or possible pathology. Patients
with certain pathology are those
with anatomopathological evi-
dence of an organic lesion
(patients with known lesions on
MRI who undergo surgery).
Patients with definite pathology
are those with radiological lesions
in essential structures of the
audiovestibular pathway (patients
with essential lesions (Table 3)).
Patients with probable and
possible pathology are those with
retrocochlear lesions on MRI. The
significance of these lesions is
more uncertain since the relation
between the MR findings and
the complaint is under discussion
(patients with WMLs/atrophy of
the brain and patients with neuro-
vascular conflict of the vestibulo-
cochlear nerve).

Limitation of the study

The first problem is the subjec-
tivity of the registration of com-
plaints since only the relevant
clinical information is given to the
radiologist, rather than the whole
clinical history, including all the
complaints of each patient. The
second problem is the subjectivity
of the radiological evaluation
since the radiologist assesses
whether radiological images devi-
ate from what is to be expected for
a certain age. This is particularly
important in the assessment of
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central ischaemic lesions or atro-
phy. The third problem is uncer-
tainty about the prevalence of
WMLs in normal individuals. This
prevalence has not been investi-
gated previously in larger studies
with volunteers under 55 years
old.

Conclusion

The relevance of an MR examina-
tion in patients with otovestibular
complaints of uncertain aetiology
is clear. MRI of the CPA, fossa
posterior and petrous bones makes
it possible to observe abnormali-
ties of the vestibulocochlear nerve
and inner ear. Additional T2-
weighted FSE images of the
whole brain allow us to evaluate
the occurrence of early central
lesions. This imaging protocol is
adequate for diagnosing essential
lesions relating directly to the
complaint in 4.9% of the patients
with hearing loss, subjective tinni-
tus and vertigo. Two groups of
retrocochlear lesions were fre-
quently observed in our study
population: central WMLs/atro-
phy and neurovascular conflict
affecting a cranial nerve. WMLs
were present in 50% of the
patients with a mean age of
59 years. In the younger subpopu-
lation aged below 51, the preva-
lence of WMLs was 24%. The
question remains whether these
lesions can be accounted for by
the diversity of symptoms the
patients presented with. Further
investigation is required, particu-
larly of the occurrence of WMLs
in a younger group.
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