
Journal of Neurology, Neurosurgery, and Psychiatry, 1980, 43, 510-515

Hearing loss in brainstem disorders
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SUMMARY A retrospective study of 309 unselected patients with brainstem disorders was

carried out to establish the incidence and degree of hearing loss in this group as a whole and in
each of three separate pathologies: multiple sclerosis, vertebro-basilar ischaemia and brainstem
tumours. Pure tone audiograms were corrected for age and sex and upon analysis, thereafter,
59% and 26% of patients were found to have hearing thresholds in excess of lOdB and 30dB
respectively. The hearing loss tended to be slight to moderate, 87% of those with a deficit were in
the range 11-59dB, and tended to involve the higher frequencies. No characteristic audiometric
configuration emerged. 750% of those with a hearing loss suffered a bilateral deficit. Considering
the multiple sclerosis, vertebro-basilar insufficiency and tumour groups individually, similar findings
were observed with the mildest losses occurring in multiple sclerosis and the most severe in the
tumour group.

Auditory derangements in brainstem disorders
were first reported at the end of the last
century1 2 and subsequently conflicting reports
have appeared in the literature covering various
aspects of the topic.3-9 Many of these are open
to criticism on a number of counts: the selected
nature of the patient groups, the smalJ numbers
of patients studied and neglect of the influence
of age and sex on pure tone hearing levels.
The present study was undertaken to investi-

gate the incidence of hearing loss as judged by
age and sex corrected pure tone audiograms in
a large series of unselected patients with a variety
of brainstem pathologies.

Method

In order to evaluate the incidence and degree
of hearing loss in patients with brainstem dis-
orders, a retrospective analysis of 367 patients,
investigated in the Department of Otoneuro-
logy at the National Hospital, Queen Square,
London, between 1941 and 1976 was undertaken.
No selection criteria were applied to this group
cf patients and they consisted of the first sequen-
tial 367 patients on the retrieval system for
"Brainstem Disorders." Twenty-seven patients
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with a diagnosis of cerebello-pontine angle tu-
mour or acoustic neuroma were excluded, as
deafness in this group was more likely to result
from a nerve fibre rather than a brainstem lesion.
In addition, a further 31 patients with deafness
clearly attributable to some other cause for
example otosclerosis, otitis media, trauma, noise,
were also excluded. The remaining 309 patients,
comprised 158 males and 151 females between
the ages cf five and 78 years (table 1).
The diagnosis of brainstem pathology was

made on clinical (neurological and otological)
grounds in all patients, and confirmed at opera-
tion or post-mortem examination in 108 patients
(35%). The pure tone audiograms were reviewed
and threshold sensitivities at each frequency were
corrected for age and sex according to
Hinchcliffe.10
As a first step in the analysis, all the age cor-

rected audiograms with hearing levels under
10dB at all frequencies were removed. Three
parameters of hearing loss were then studied in
the remaining audiograms: the incidence, the
severity and the audiometric configuration.
These results were studied in the group as a
whole, and separately in each of three major
brainstem disorders: multiple sclerosis (MS),
vertebro-basilar insufficiency (VBI) and malig-
nant tumours (NG). A fourth group comprised
the remaining brainstem pathologies.
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Table 1 Age and sex distribution of 309 patients

Age (yr) 0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79

Male 9 18 17 22 34 33 22 3
Female 3 9 16 23 37 30 29 4
Total 12 27 33 45 71 63 51 7
% 3-8 8-7 10-7 14 6 23-0 20-4 16-5 2-3

Results

Of the 309 patients studied, 52 (16-8%) had
multiple sclerosis, 57 (18-4%) had vertebro basi.
lar insufficiency, 84 (27-2% had malignant tu-
mours and 116 (37-5%) had various other brain-
stem disorders including syringobulbia, angiomas,
abscesses, encephalomyelitis, collagen vascular
disorder, myelopathies, familial degenerative
conditions, tuberculosis and benign cysts. Twenty
six patients (8-4%) complained of hearing loss
at the time of presentation. One hundred eighty
one (58-6%) patients had hearing levels in excess

of 10dB at one or more frequencies on the age
and sex corrected pure tone audiograms (table
2). The incidence of hearing loss within the
three major sub-groups varied between 57-7% to
64-3%. The degree of deficit was classified ac-

cording to the most severely affected frequency
after correction for age and sex: slight (11-
29dB), moderate (30-59dB), severe (60-89dB)
and complete (>89dB). Using this classification,
slight deafness was present in 33% of all patients
studied, moderate in 18 %, severe in 5% and
complete in 3 %. Similar trends were apparent
in all the sub-groups. However, more patients
(25%) wNith vertebro basilar insufficiency were

afflicted with moderate loss than patients with
multiple sclerosis or malignant tumour (17% and
15% respectively). Severe and total hearing loss
were more commonly seen in the tumour group.

Table 3 illustrates that the hearing loss was

bilateral in approximately three quarters of the
patients, but in only two thirds of the patients

with multiple sclerosis. In addition, the deafness
was symmetrical at the two ears in 71 % of the
132 patients with bilateral hearing loss.
The hearing levels averaged in respect of the

total number of patients with (a) deafness greater
than 10dB and (b) deafness greater than 30dB
are shown in fig (a) and (b). Consideration was

given to the individual audiometric configura-
tions of tihe hearing loss adopting a modified
form of the Carhart classification" namely high
tcne loss, low tone loss, dome loss, flat iloss and
island loss. No clear pattern emerged which
could be associated with any particular group.
However, of the 181 patients, 79% had hearing
loss solely, or inclusive of, the higher fre-
quencies.

Discussion

The constellation of symptoms and signs
resulting from involvement of multiple cranial
nerve nuclei, long tract and cerebellar connec-

tions is characteristic of brainstem disease. The
presence of audiological symptoms has previously
been considered unusual8 12 since destructive
lesions in this region often produce rapidly
fatal symptoms. This view has, however, been
disputed.9 In the present study, 59% of 309
unselected patients with brainstem disorders suf-
fered some degree of hearing loss as judged by
age and sex corrected pure tone audiograms,
although only 8% of them complained of hear-
ing loss, which was related to the presenting
brainstem disorder. It should be emphasised that

Table 2 Distribution of severity of hearing loss in brainstem disorders (expressed as a percentage of the
total number of patients in each group)

Whole study MS VBI NG Others
No % No % No % No % No %

Slight HL 101 32-8 19 36-5 20 35-1 29 34 5 33 28-5
(11-29 dB)
Moderate HL 56 18-1 9 17-3 14 24-6 13 15-5 20 17-2
(30-59 dB)
Severe HL 15 4-8 2 3-8 1 1-7 7 8-3 5 4-3
(60-89 dB)
Complete HL 9 2-9 0 0 1 1-7 5 5 9 3 2-6
(90 dB)
Total with HL 181 58-6 30 57-7 36 63-2 54 64-3 61 52-6
No HL 128 41-4 22 42-3 21 36-8 30 35-7 55 47-4

HL=hearing loss
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Table 3 Distribution of hearing loss

No Bilateral Unilateral
deaf No ?'/ No %

All patients 181 132 72-9 49 27 1
MS 30 18 60 0 12 40 0
VBI 36 30 83 3 6 16-7
NG 54 41 75 9 13 24-1
Others 61 43 68 9 19 31-1

a higher percentage of auditory disturbances
might well haNe been detected by more special-
ised audiometric tests.'3 14

Loudness recruitment tests were available in
99 of the patients with deficit and in 78% of
these recruitment was present. Loudness recruit-
ment, of course, has historically been associated
with lesions of the cochlear end organs and in
consequence it could be argued that the hear-
ing loss identified in these patients was not brain-
stem in origin. In this respect it is pertinent to
recall that these were all patients with brainstem
lesions in whom hearing loss was not a present-
ing symptom and the coincidental occurrence of
a cochlear lesion in such an extremely high
proportion can be deemed highly improbable.
There remains the unlikely possibility that brain-
stem lesions can in some way give rise to end
organ pathology. However, there is now a power-
ful body of opdnion'5-18 which holds the view
that recruitment is a feature not only of end
organ but also of brainstem pathology. Although
it has to be admitted that the issue cannot be
resolved with certainty, the balance of prob-
ability in the light of the available evidence
favours brainstem pathology as the cause of
deafness.
Recruitment was absent in only 18 patients

and of these, 11 had a bilateral deficit (4 with
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malignant tumours, 2 with multiple sclerosis, 2
familial degenerative disorders, 1 vertebro basi-
lar insufficiency, 1 myelopathy). In 1965, Dix"
observed that deafness due to a lesion of the
cochlear nerve fibres, whether attributable to
tumour pressure upon the neurilemmal portion
or demyelination involving the neuroglial por-
tion, resulted in the absence of loudness recruit-
ment. Later, Jerger and Jerger9 commented that
extra-axial brainstem pathologies (for example
inflammatory viral and degenerative lesions)
might produce deafness by involvement of the
VIII nerve trunk rather than by involvement of
the central auditory pathways. On this basis, the
occasional occurrence of sensori-neural deafness
with absence of loudness recruitment can be
e3qplained i,n terms of an extension of the lesion
to the cochlear nerve fibres.

In small selected groups of patients, pure tone
sensitivities in brainstem lesions have been
variously reported as normal,6 mildly impaired
in the high frequency range3 and severely im-
paired in one or both ears.20 The present study
of 309 u,nselected patients revealed that,
although all degrees of deficit may occur, of
those with hearing loss the majority (87%) suffer
only slight to moderate impairment (that is,
11-59 dB).
Numerous attempts have been made to relate

the distribution of hearing loss in brainstem dis-
orders With the ear or ears affected and the
levels and side of the lesion. Considering the
anatomical configuration of the auditory path-
ways in tihe brainstem the high incidence (73%
of those with hearing loss) of bilateral hearing
loss observed in this study is readily expLicable.
Dix and Hood,'5 assuming a bilateral tonotopic
crganisation of auditory fibres above the coch-
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Figure Age and sex corrected
hearing levels averaged in
respect of the total number of
patients with hearing thresholds
greater than (a) 10 dB and
(b) 30 dB at the most severely
affected frequency.
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lear nuclei, have postulated that a lesion above
this level results in bilateral deafness, which is
symmetrical in respect of the frequency distribu-
tion at both ears. In the present study, 71 % of
patients with bilateral deficit suffered sym-
metrical loss of this type. As noted earlier, cer-
tain pathologies may directly involve the coch-
lear nuclei or nerve trunk and may, therefore,
give rise to asymmetrical bilateral hearing loss
or, indeed, a unilateral deficit and in these in-
stances loudness recruitment may be absent.

Previous authors, in limited studies of patients
with brainstem disorders, have observed a ten-
dency for greater hearing loss in the high
frequency range. This trend was also apparent
in the present study, in which 79% of patients
with hearing loss were affected in the 4096-8192
Hz range.

Considering the individual audiometric con-
figuration it was clear that no characteristic
pattern emerged. Five different patterns were
identified, with "high" frequency loss occurring
most commonly in patients with bilateral deficit.
Of the 52 patients affected by "island" loss (both
bilateral and unilateral), 25% suffered the
deficit at 4096 Hz and the possibility of noise
trauma is, therefore, raised. Whlile this explana-
tion cannot be ruled out, the histories obtained
gave no cause of suspicion on this point.

It should be stressed that the average configu-
ration of hearing loss in brainstem disorders
shown in the fig merely reflects the frequent
occurrence of reduction of pure tone sensitivities
in the high frequency range rather than the
prevalence of the "high tone" configuration in
individual patients.

Multiple sclerosis
Auditory disturbances in multiple sclerosis have
been the subject of numerous studies,21-26 but
these too, have suffered the disadvantage of
small numbers, patients selection and in-
adequate correction of audiograms for age.
Vestibular symptoms and nystagmus are well
documented in multiple sclerosis, but hearing
loss has been reported to occur rarely. Indeed,
only two patients in the present study com-
plained of deafness at the time of presentation,
but analysis of corrected pure tone audiograms
revealed that 58% of this group of patients
suffered some detectable reduction of threshold
sensitivities.
Conraux and Collard27 have reported that,

although the hearing deficit in multiple sclerosis
is variable, it is usually in the 20-40 dB range.
This correlated well with the present finding that
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the majority of patients with multiple sclerosis
and hearing loss suffered slight deficit and a
further 17% suffered moderate loss (30-59 dB).
Compared with other groups, more patients with
multiple sclerosis suffered unilateral deficit
(40%) and this fact is well documented in the
literature.28 T,he frequency distribution of the
hearing loss, revealed that 60% of patients with
a deficit suffered loss in the high frequency
range, as with other brainstem lesions. The in-
dividual audiometric configurations revealed no
characteristic pattem of hearing loss in multiple
sclerosis, but in both bilateral and unilateral
deafness "island" loss occurred most commonly.
Hearing loss in multiple sclerosis has usually

been attributed to lesions of the central auditory
pathways in the brainstem,26 but may be attribu-
table to encroachment upon the cochlear
nuclei.29 A few reports have ascribed symptoms
to lesions within the peripheral eighth nerve,30
but these have not been supported by histologi-
cal evidence and have been attempts to localise
lesions on the basis of clinical symptoms. How-
ever, the present study would support this latter
explanation as 40% of patients with a hearing
loss attributed to multiple sclerosis were affected
unilaterally.

Vertebro-basilar insufficiency
In 1894, Siebermann3' described the blood sup-
ply to the inner ear from the basilar system.
Consequent upon this distribution, deafness may
result from reversible or irreversible ischaemic
changes in the central auditory pathways, the
eighth nerve or the inner ear. Th,e present study
confines itself to patients in whom there was
neurological and otological involvement of the
brainstem. Thirty-five per cent of patients were
found to suffer hearing loss and this correlates
well with previous reports.32-34 Vertebro-basilar
insufficiency tends to occur in the older patient
and it is, therefore, reemphasised that in the
present study pure tone audiograms were cor-
rected for age and sex.
Upon consideration of the severity of the

hearing loss in vertebro-basilar insufficiency as
with other brainstem disorders, the loss was not
marked. One third of the patients had slight
hearing loss and one quarter, moderate loss.
Only one out of 57 patients had a severe
deficit.

Eighty three per cent of the patients with
deafness suffered bilateral loss and in 83 % of
these patients, symmetrical hearing loss was pre-
sent, as may be expected from ischaemia of the
central auditory pathways. Six patients (17%)
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suffered undlateral loss and of these four showed
an "island" loss in the high frequency range.
There was no characteristic audiometric con-
figuration seen in vertebro-basilar ischaemia, but
the '`high tone" loss was most commonly seen
in patients with bilateral deficit. Loss in the h,igh
frequency range again occurred most commonly
both in the bilateral and unilateral deafness
groups.

Tumours
Two thirds of all patients with malignant
tumours of the brainstem suffered hearing loss
(>10 dB) in the present study. Deafness has
been reported dn association with brainstem
tumours,35-39 contrary to the views of Liden'7
and Korsan-Bengsten40 that fatal symptoms
supervene before the development of audio-
logical symptoms. Moreover, in the present
study 11% of the patients with brainstem malig-
nancies complained of deafness, temporally
related to their illness.
The occurrence of moderate and severe hear-

ing loss was more common in this group than in
other brainstem patholog,ies (table 2) and this
would be compatible witih the aggressive and
destructive nature of the disease process. In
apiproximately 75% of patients affected, the
deficit was bilateral suggesting intra-axial des-
truct;ion of the central auditory pathways and
indeed iin 62% of these the deficit was symmetri-
cal. Twenty-five per cent of patients with a
hearing loss were affected unilaterally, suggest-
ing destruction of the cochlear nuclei ipsilater-
ally, or involvement of the eighth nerve, either
by direct infiltration, compression, or secondary
ischaemia.
Reviewing the distribution of hearing loss,

the high frequency levels were most commonly
affected and indeed the "high tone" loss con-
figuration was most commonly seen in bilateral
hearing loss. In unilateral defioit, the "island"
loss configuration (again usually affecting the
hligh frequency range) was seen most commonly.

The author acknowledges the most kind help
and encouragement throughout this work of
Dr JD Hood, and the advice of Professor R
Hinchcliffe.
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