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ABSTRACT
Introduction: Radiotherapy either primary or adjuvant, is
a commonly used modality of treatment in head and neck
malignancies. The audiovestibular apparatus is often within
the fields of radiation treatment, and hearing loss is a possible
complication. This study was undertaken to assess the audio
vestibular functions in patients undergoing radiation therapy
for head and neck malignancies to determine the type and
severity of hearing loss and vestibular dysfunction following
radiation therapy.
Materials and methods: Fifty patients with head and neck
malignancies reported to the malignant disease treatment
center of INHS Asvini and received radiotherapy as a primary
modality of treatment or in combination with surgery during
the period May 2003 to Sep 2004 were included in this study.
None of these patients had prior treatment by chemotherapy.
Conclusion: A significant number of patients who were sub
jected to radiation therapy for head and neck malignancies
develop conductive hearing loss is predominant in the immediate
postradiation period. Conductive hearing loss is reversible and
improves with the conservative line of treatment. Sensorineural
hearing loss more commonly affects the higher frequencies and
is more common in older patients. Sensorineural hearing loss is
more common when radiation doses exceed 60 Gy. There is no
conclusive evidence of vestibular dysfunction in patients under
going radiotherapy for head and neck cancers.
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INTRODUCTION
Radiotherapy either primary or adjuvant, is a commonly
used modality of treatment in head and neck malignancies.
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The audiovestibular apparatus including the temporal bone,
which houses part of the external ear, the middle, and inner
ear; the auditory nerve; and a portion of the brainstem is often
within the fields of radiation treatment, and hearing loss is a
possible complication.1 Patients with large lymphadenopathy
in zone 2 and upper zone 5 of the neck may experience up
to 50% of the total radiation dose to their cochleas. Even
patients with primary tumor sites anatomically far removed
from the nasopharynx and hypopharynx may receive high
doses of radiation in selected cases.2 Radiation can cause
two kinds of hearing impairment, conductive hearing loss
originating in the outer and middle ear, and sensorineural
hearing loss caused by damage to the cochlea and auditory
nerve.3 In the acute stage, patients often have signs and
symptoms of otitis media or middle ear effusion due to
Eustachian tube dysfunction giving rise to conductive
hearing loss.3 Radiation induced changes in the middle ear
mucosa are delayed ultrastructural changes, undergoing
various ciliary, connective and vascular changes during
or soon after completion of radiotherapy.3,4 The vestibular
part of inner ear and the central vestibular pathway may
also be within the radiation field when patients are treated
for head and neck cancer. Experimental data have shown
degeneration of the sensory cells and damaged vestibular
function after radiation.5 A possible relationship between
radiation and vestibular disorders has been shown in patients
treated for head and neck cancers.6-8
The inner ear is claimed to be most resistant to effects of
ionizing radiation.9 Early and temporary changes in inner
ear are transient in nature.10 Delayed vascular changes
are related to changes in collagen content of the vascular
framework that lead to a permanent hearing loss.3 However,
the degree to which an ear may be affected by radiation
during treatment for malignancies of head and neck cannot
be predicted, as is the time of onset. It is possible that the
patient may suffer from hearing impairment years after
therapy.11 Various workers of audiovestibular dysfunction
in patients undergoing radiation therapy have given
conflicting reports. This study was undertaken to assess the
audiovestibular functions in patients undergoing radiation
therapy for head and neck malignancies to determine the
type and severity of hearing loss and vestibular dysfunction
following radiation therapy.
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MATERIALS AND METHODS
Head and neck cancer accounts for 40 to 45% of all the
malignancies in India. Majority of them are squamous cell
carcinoma, which involves surgery and radiotherapy as a
primary modality of treatment separately or in combination.
This study was taken up to evaluate the adverse effects
of radiotherapy on audiovestibular functions in the treatment
of head and neck malignancies. Fifty patients with head
and neck malignancies reported to the Malignant Disease
Treatment Center of INHS Asvini and received radiotherapy
as a primary modality of treatment or in combination with
surgery during the period May 2003 to Sep 2004 were
included in this study. None of these patients had prior
treatment by chemotherapy.
INCLUSION CRITERIA
a. Case of head and neck malignancy reported to the
Malignant Disease Treatment Center of INHS Asvini
and received radiotherapy as a primary modality of
treatment or in combination with surgery.
b. Six months of audiological follow-up after completion
of radiotherapy.
c. No pre-existing audiological disease other than
serous otitis media (SOM) related to nasopharyngeal
carcinoma.
d. No significant pre-irradiation sensorineural hearing
deficit defined as bone conduction hearing threshold
more than 50 db at any of the four frequencies (0.5, 1, 2
and 4 kHz) tested before irradiation. This is necessary
to avoid error from thresholds, because the maximum
level for the perception of sound through bone threshold
is around 70 dB.
All selected patients subjected to pure tone audiometry
in an acoustically treated room. Impedance audiometry was
done in all patients to evaluate middle ear pathology. The
Fitzgerald Hallpike bithermal caloric test was performed
using hot (44ºC) and cold (30ºC) water irrigation to the
external ear canal with electronystagmography (ENG)
recordings. Maximum slow phase velocity (SPV) caloric
nystagmus was measured for comparison. Canal paresis was
defined as a greater than 25% difference between maximum
SPV for each ear compared with the sum of SPVs.
Table 1: Primary site of lesions included in the study (n = 50)
Primary site
Nasopharynx
Oral cavity
Hypopharynx
Larynx
Salivary glands tumors
Unknown primary with cervical
Metastasis
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Cases
6
14
4
12
6
8

Percentage
12
28
8
24
12
16

The above pre-irradiation data were noted as base line
data. The examination, audiovestibular evaluation like PTA,
impedance audiometry and caloric tests were carried out
in all cases before radiation, immediately on completion of
radiation therapy, at 3 and 6 months after irradiation therapy.
Observation and Results
The head and neck comprise a large number of anatomical
structures. A malignant tumor can involve any structure as
a primary lesion. The distribution of primary site of lesion
of 50 patients is shown in the Table 1.
It is observed that the majority of cases were encountered
in stage III and IV disease.
The age distribution of patients in the present study is
as Table 2.
The highest incidence was between the age group 61
and 70. The youngest patient in the study was 32 years old
and the oldest one was 76 years old.
There was a very strong male preponderance in the
study group.
AUDIOMETRIC EVALUATION
Every patient underwent audiometric evaluation before
radiotherapy to get the baseline hearing threshold. After
completion of radiotherapy, hearing assessment was done
immediately and at 3 and 6 months intervals. The hearing
thresholds obtained were compared with the baseline
hearing threshold to assess hearing loss. The data collected
are presented in tabular form in Table 3 and Graph 1.
During immediate post-radiation audiometric evaluation,
32% of patients showed conductive hearing loss that was
related to Eustachian tube dysfunction due to the effect of
radiation. This was temporary, improved partially in the
next 6 months. At the end of 6 months, only 14% of patients
showed conductive hearing loss.
During the early phase of evaluation 4% of patients
showed increase in the bone conduction hearing threshold.
At the end of 6 months follow-up a total 14 patients (28%)
showed sensorineural hearing loss.
Most of the patients showing sensorineural hearing loss
showed the mixed type of hearing loss, i.e. both conductive
and sensorineural hearing loss. At 6 months follow-up 12%
of patients showed mixed type of hearing loss.
Table 2: Age distribution in the study (n = 50)
Age group
31-40
41-50
51-60
61-70

Total
4
10
14
16

Percentage (%)
8
20
28
32

71-80
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Table 3: Types of hearing loss (n = 50)
Type of hearing Immediate
Three months
loss
postradiation postradiation
Conductive loss *16 (32%)
*12 (24%)
Sensorineural
2 (4%)
7 (14%)
loss
Mixed loss
2 (4%)
6 (12%)
*on applying chi-square test p < 0.05, significant

Six months
postradiation
*7 (14%)
*14 (28%)

Table 4: Degree of hearing loss (n = 50)
Degree of
snhl (dB)
15-30
≥ 30

At low frequencies
(mean of 0.5, 1 and 2 kHz)
4 (8%)
2 (4%)

At high frequency
(4 kHz)
11 (22%)
3 (6%)

6 (12%)

Graph 2: Number of patients having various degree of hearing
loss affecting lower or higher frequencies (n = 50)
Graph 1: Number of patients showing different types of hearing
loss in relation to duration after radiation (n = 50)

Eleven patients out of 14 having sensorineural hearing
loss were in the age group > 50 years.
As this is a male predominant study, 12 out of 14 were
males showing sensorineural hearing loss.

Table 5: Relation of hearing loss to dose of radiation (n = 50)
Dose of
radiation
(cGy)
< 6000
≥ 6000

No. of
cases

At low frequencies
At high
(mean of 0.5, 1 and 2 kHz) frequency
(4 kHz)
7 (14%) 1 (2%)
1 (2%)
43 (86%) 5 (10%)
13 (26%)

DEGREE OF HEARING LOSS
The post-radiation at 6 months, the status of sensorineural
hearing loss at low (0.5, 1 and 2 kHz) and high (4 kHz)
frequencies were as shown in Table 4 and Graph 2.
Sensorineural hearing loss at high frequencies was
more common compared to that at low frequencies. For low
frequencies, six patients had an increase in bone conduction
hearing threshold 6 months after radiotherapy while the high
frequencies were affected in all patients.
RELATION OF HEARING LOSS TO
DOSE OF RADIATION
At 6 months post-treatment, the status of sensorineural
hearing loss at low (0.5, 1 and 2 kHz) and high (4 kHz)
frequencies and their relation to the dose of radiation
received is as Table 5 and Graph 3.
Sensorineural hearing loss was seen in the majority of
patients who had received radiation doses more than 6000 cGy.

Graph 3: Number of patients with hearing loss related to
dose of radiation (n = 50)

Tympanometry was carried out in all 50 patients preirradiation and immediate post-irradiation, at 3 and

6 months postradiation. The results of the tympanometry
were classified into types A, B and C as proposed by Hayes
and Jerger as shown in Table 6.
In the pretreatment evaluation, five patients showed type B
curve due to middle ear effusion related to nasopharyngeal
carcinoma. Incidence of Secretory otitis media (SOM)
is higher (24%) immediate postradiation and related to
Eustachian tube dysfunction due to the effects of radiation.
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Table 6: Types of tympanogram (n = 50)
Tympanogram
(n = 50)

Preirradiation

Immediate
postradiation

Type A
Tybe B
Type C

42 (84%)
5 (10%)
3 (6%)

28 (56%)
12 (24%)
10 (20%)

Three
months
postradiation
31 (62%)
11 (22%)
8 (16%)

Three
months
postradiation
39 (78%)
8 (16%)
3 (6%)

VESTIBULAR EVALUATION
Two (4%) patients showed vestibular disturbance in the form
of episodes of rotatory vertigo immediate postradiation but
the ENG studies were normal. The symptoms improved in
one patient with medication while it was persistent in one
patient for 3 months. No patient had shown canal paresis or
directional preponderance during the 6 months follow-up
period.
Discussion
In the 1920s, the effects of small doses of ionizing radiation
on the human ear was investigated for its therapeutic value
in treating chronic otitis media, otosclerosis, perceptive
deafness and tinnitus. The nasopharynx used to be
irradiated in the treatment of conductive deafness due
to lymphoid tissue around the Eustachian tube.12 Later
radiation was used for treating malignancies of the head
and neck and despite refinements in radiation therapy,
treatment of tumors in areas, such as the parotid gland, the
nasopharynx and the tonsils do not allow the exclusion of
the temporal bone from the irradiation field.
There have been no reports in the western literature of
radiation induced changes in the human ear undergoing
treatment for head and neck tumors until Borsanyi, Blanchard
and Thorn in 1961 studied 100 patients undergoing radiation
for the treatment of head and neck tumors.10 Most of them
were retrospective studies and pretreatment audiological
evaluation was not always available. Some studies also used
large radiation doses, up to 24000 rads22 that would have
little relevance to modern clinical practice. The reported
incidence of post-irradiation sensorineural hearing loss
varies, from no sensorineural hearing loss observed to 54%
involvement.10,13-16 Histological examination of temporal
bones after irradiation had demonstrated damage to the
organ of Corti, with atrophy of the basilar membrane,
spiral ligaments, and stria vascularis. Hair cell atrophy
was also noted.17,19 In the present prospective study, the
baseline audiogram and clinical assessment of every patient
formed the basis for evaluation of the subsequent course of
hearing change after irradiation. All patients were serially
followed up with audiometry, tympanometry and clinical
examination after irradiation for 6 months.
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In the present study, as shown in Table 3 during audio
metric evaluation immediate postradiation 16 (32%)
patients showed conductive hearing loss. During subsequent
follow-up at 3 and 6 months this number decreased to 12
(24%) and 7 (14%), respectively. On applying Chi-square
test p < 0.05, a significant number of patients showed
conductive hearing loss. This was related to Eustachian
tube dysfunction or middle ear effusion due to the effect of
radiation.3,4,10,14 These findings were supported by clinical
and tympanometric evaluation. As shown in Table 6, 12
(24%) and 10 (20%) patients showed type ‘B’ and ‘C’ curves,
respectively in the immediate postradiation tympanometric
evaluation. This suggests middle ear effusion and
Eustachian tube dysfunction. At the end of 6 months, only
8 (16%) patients showed persistent middle ear effusion. Rest
of the patients improved with conservative management.
Thus, this study confirms the observations of Dias14 and
Elwany.4 As stated by Young YH,18 conductive hearing
loss due to radiation otitis media is reversible if middle ear
inflammation is controlled as confirmed in this study. At the
end of 6 months, six (12%) patients showed mixed hearing
loss. Postradiation SOM would account for conductive
hearing loss. Other studies have reported transient increase
in bone conduction hearing threshold in association with
conductive hearing loss after radiotherapy.14,19 These
findings were consistent with the study by Antenius et al19
and Dias.14 The presence of middle ear effusion would thus,
be an evidence of complications due to radiation and point to
an increased risk of damage to the inner ear and development
of persistent sensorineural hearing loss.20
In the present study, sensorineural hearing loss was
seen in 14 (28%) patients at the end of 6 months follow-up.
Low frequency sensorineural hearing loss occurred in
six (12%) patients and the high frequencies were affected
in all 14 patients. These findings are consistent with
previous studies.10,13,14,16,19 Sensorineural hearing loss at
high frequencies was more commonly affected than at
the low frequencies.10,16,19,21 The outer hair cells in the
basal coil of the cochlea are responsible for transduction
of higher frequency sounds while lower frequency sounds
are transduced by the inner hair cells situated in the
apex. In animal and human pathological studies, more
pronounced damage was found among outer hair cells after
radiotherapy.16,20
As shown in the Table 5, 13 patients who had sensorineural
hearing loss received a total radiation dose of more than
60Gy. This finding was consistent with studies by Grau et al16
and Ho WK et al.1 Grau et al reported no significant
correlation between preirradiation hearing levels or patients
age with postradiation sensorineural hearing loss.16 In the
present study, sensorineural hearing loss is more common
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in patients of more than 50 years of age. This was consistent
with the study conducted by Kwong DL et al.20
None of the patients in the present study showed canal
paresis or directional preponderance as an effect of radiation
on the vestibular function during the 6 months follow-up
period. Only two (4%) patients showed episodes of vertigo
which were transient and improved after medication.
These findings did not compare with the reported study by
Singh IP6 and Chow WY8 who reported that a significant
number of patients receiving radiotherapy for parotid and
nasopharyngeal tumors respectively, showed canal paresis.
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CONCLUSION
This study concludes that a significant number of patients
who were subjected to radiation therapy for head and
neck malignancies develop conductive hearing loss is
predominant in the immediate postradiation period.
Conductive hearing loss is reversible and improves with
the conservative line of treatment.
Sensorineural hearing loss more commonly affects the
higher frequencies and is more common in older patients.
Sensorineural hearing loss is more common when radiation
doses exceed 60 Gy.
There is no conclusive evidence of vestibular dysfunction
in patints undergoing radiotherapy for head and neck
cancers.
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