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Abstract

is temporary or permanent.

Background: Nowadays, radiotherapy is widely used in management of many types of tumors including head and
neck tumors; in this study, we concerned with its reverse effects on the Eustachian tube functions and if this effect

Results: The whole (30) patients have tympanogram at both ears before starting radiotherapy; all patients (100%)
were normal. In the immediate post radiotherapy tympanogram at the contralateral side, 6.7% of patients had
effusion, and 20% had Eustachian tube dysfunction, while at the ipsilateral side, 20% of patients had effusion, and
33.3% had ET dysfunction. In the follow-up tympanogram 12 weeks post radiotherapy, we found that 6.7% of
patients had effusion, and (10%) had Eustachian tube dysfunction at the contralateral side, while 6.7% of patients
had effusion, and only 20% had Eustachian tube dysfunction at the ipsilateral side.

Conclusion: From this study, we concluded that patients with head and neck tumors treated by radiotherapy
(apart from the nasopharynx) have a high incidence of affection of Eustachian tube function namely middle ear
effusion and Eustachian tube dysfunction. The possibility for development of middle ear effusion and Eustachian
tube dysfunction increases with increased tumor stage. Eustachian tube functions immediately post radiotherapy
and after 12 weeks of the end of radiotherapy was affected by different effects according to the tumor site. The
Eustachian tube functions significantly improved within 12 weeks after the last dose of radiotherapy, and we
recommend audiological follow-up for patients with head and neck tumors treated with radiotherapy.
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Background

Radiation is widely used in treatment of many types of tu-
mors including head and neck tumors and the increasing
proportion of patients who survive the disease; physicians
should be aware of the risks of radiation on their patients.
In this review, we discussed the pathophysiology of radi-
ation injuries to the soft tissue of the temporal bone espe-
cially the Eustachian tube. In this study, our aim is to
evaluate the effect of radiotherapy (RT) as one of the mo-
dalities of treatment in patients with head and neck tumors
on the Eustachian tube functions at the ipsilateral and
contralateral ears.
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Patients and methods

This is a prospective study of thirty patients (28 males and
2 females) with age ranging between 48 and 71 years with
head or neck tumors or both which required radiotherapy
as a main line or adjuvant line of treatment. The study
was conducted in a prospective manner during the period
from February 2019 to February 2020. All the patients
have tympanometry (before, immediately after, 12 weeks
post) radiotherapy using tympanogram.

Patient selection and pretreatment tumor work-up

Patients suffering only from head and neck tumors were
included in our study. Carcinomas of the nasopharynx
were excluded from the study. Patients were subjected
to careful history taking and complete otolaryngological
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and head and neck examination. Computed tomography
of the neck was performed for the assessment of the pri-
mary tumor as well as the neck nodes. Direct laryngos-
copy under general anesthesia was performed for
mapping the tumor and biopsy taking for histopatho-
logical examination. The primary tumor and the neck
were classified on the basis of physical examination,
computed tomography, and endoscopic findings. Ac-
cording to the site and TNM staging of the tumor, pa-
tients were offered either surgery and postoperative RT
or primary RT alone or concomitant CRT.

Lines of treatment

Radiotherapy is the main line of treatment even alone or
adjuvant line. 43.3% of patients received radiotherapy
alone, and 56.7% received radiotherapy and surgery treat-
ment, with an average total dose of radiation of 65.8 + 3.7
Gy (Table 1).

Radiotherapy doses were 60 to 70 Gy divided on 5 days
weekly at a period between 6 and 8 weeks, and the radio-
therapy technique used with all patients is external beam
radiotherapy, where the linear accelerator (Linac), namely
the source of radiation, is placed outside the patient and
beams of radiation are delivered to a specific area of the pa-
tient’s body. This method is called 3-dimensional conformal
radiotherapy (3DCRT). The target or tumor volume (the
disease) is modeled and the radiations are directed to this
volume. Tympanometry study for the patient was selected
to evaluate the ET functions as it was the most reliable,
available, easy to perform, and gave objective data needed
to evaluate the ET tympanometry study performed pre-
exposure to radiotherapy and repeated immediately after
full dose of radiotherapy and then 12 weeks after the last
exposure to radiotherapy for all patients for comparison.

Statistical analysis

Data entry, processing, and statistical analysis were carried
out using MedCalc ver. 18.2.1 (MedCalc, Ostend, Belgium).
Tests of significance (ANOVA and chi-square tests) were
used. Data were presented, and suitable analysis was done
according to the type of data (parametric and non-
parametric) obtained for each variable. p values less than
0.05 (5%) was considered to be statistically significant.

Results
This was a prospective study conducted on 30 patients
with head or neck tumors to evaluate the effect of

Table 1 Lines of treatment

Variables Frequency (%)
Line of treatment Radiotherapy alone 13 (43.3%)
Radiotherapy + surgery 17 (56.7%)
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radiotherapy in patient with head and neck tumors on
the Eustachian tube (ET).

Site of tumor

There were 20 patients (66.7%) with glottic carcinoma, 3
patients (10%) with supraglottic carcinoma, 3 patients
(10%) with post cricoid carcinoma, 2 patients (6.7%) with
tongue squamous cell carcinoma, and 2 patients (6.7%)
with parotid adenocarcinoma.

Tumor stage and nodal stage

There were 7 patients (23.3%) of T1, 16 patients (53.3%) of
T2, 6 patients (20%) T3, and 1 patient (3.3%) of T4. Nine-
teen patients (63.3%) were NO, 5 patients (16.7%) were N1,
5 patients (16.7%) were N2, and 1 patient (3.3%) was N3.

Tumor side

In our study, there were 20 patients with left side tumor (18
laryngeal and 2 parotid tumors) and there were 10 patients
with right side tumor (8 laryngeal and 2 tongue tumors).

Comparative study according to tumor site
Tympanogram findings at immediate post radiotherapy
at glottic, sub glottic, supra glottis, parotid, and tongue
tumors revealed a significant increase in ipsilateral ET
dysfunction in sub and supra glottic groups, compared
with the glottic group, with a significant statistical differ-
ence (P = 0.037) and revealed non-significant difference
as regards contralateral ET dysfunction (p > 0.05). Tym-
panogram findings after 12 weeks post radiotherapy re-
vealed a non-significant difference as regards ipsilateral
and contralateral ET dysfunction (p > 0.05). (Table 2)

Follow-up tympanogram (Tables 3 and 4)

Discussion

Radiotherapy is commonly used either alone as a pri-
mary treatment or in combination with surgery and or
chemotherapy for the treatment of malignant tumors of
head and neck but it has many side effects. This study
was conducted among 30 patients (60 ears) with laryn-
geal, parotid, and tongue cancer. In this study, we fo-
cused on the audiological sequelae of radiotherapy
through Eustachian tube function using tympanogram.
And we were concerned with this effect if it is temporary
or permanent. And we were interested to know if this
radiotherapy effect is related to the site of the tumor or
not. Through our study, we have found the following.

Tympanometry immediate post radiotherapy findings

As a result of radiotherapy, the Eustachian tube was
affected by radiation leading to otitis media with effusion
or ET dysfunction. Bursary et al. [1] noted radiation otitis
media as an early and transient change following ionizing
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Table 2 Comparison between the 3 groups as regards follow-up tympanogram data using chi-square test

Variable Glottic Sub-. Supr'a- Chi-square test
goe o detic o gotic e
(3) 7)

Tympanogram before treatment in both ears Normal 20 (100%) 3 (100%) 7 (100%)

Tympanogram (end of ttt) (contralateral) A—Normal 15 (75%) 3 (100%) 4 (57.1%) = 03761
B—Effusion 2 (10%) 0 (0%) 0 (0%)
C—ET dysfunction 3 (15%) 0 (0%) 3 (42.9%)

Tympanogram (end of ttt) (ipsilateral) A—Normal 10 (50%) 1 (33.3%) 3 (42.9%) =0.037*
B—Effusion 2 (10%) 0 (0%) 4 (57.1%)
C—ET dysfunction 8 (40%) 2 (66.7%) 0 (0%)

Tympanogram (12 weeks) (contralateral) A—Normal 16 (80%) 3 (100%) 6 (85.7%) = 08160
B—Effusion 2 (10%) 0 (0%) 0 (0%)
C—ET dysfunction 2 (10%) 0 (0%) 1 (14.3%)

Tympanogram (12 weeks) (ipsilateral) A—Normal 15 (75%) 2 (66.7%) 5 (71.4%) = 00744
B—Effusion 0 (0%) 0 (0%) 2 (28.6%)
C—ET dysfunction 5 (25%) 1 (33.3%) 0 (0%)

*Percentage of Column Total

radiation to the head and neck. They explained the mech-
anism by obstruction of the Eustachian tube due to swell-
ing of the mucosa following irradiation resulting first in
the absorption of the oxygen then later the nitrogen from
the middle ear. Because of the negative pressure in the
middle ear cavity, transduction can take place which is en-
hanced by the edema of the middle ear mucosa and the
dilatation of the blood vessels resulting in sterile fluid col-
lection in the middle ear cavity.

Post radiotherapy tympanometry was done immediately
after the end of treatment and revealed that 40% of the

patients developed abnormal tympanometry findings which
were 13.3% as type B tympanogram and 26.7% as type C tym-
panogram. Bohne et al. [2] conducted a similar study and re-
ported 48% abnormal tympanometry findings among their
patients where 15% had serous middle ear effusion with type
B tympanogram and 33% had Eustachian tube dysfunction
with type C tympanogram. They also stated that the incidence
of serous middle ear effusion declined 3 months after radio-
therapy while Eustachian tube dysfunction persisted.
Bhandare et al. [3] found a 28.6% incidence of 2 weeks
post radiotherapy middle ear toxicity and Eustachian tube

Table 3 Tympanogram (before, at end of treatment, and after 12 weeks) among 30 patients

Variables

Frequency (%)

Tympanogram (before ttt) (ipsilateral and contralateral)

Tympanogram (end of ttt) (contralateral)

Tympanogram (end of ttt) (ipsilateral)

Tympanogram (12 weeks) (contralateral)

Tympanogram (12 weeks) (ipsilateral)

A—Normal 30 (100%)
B—Effusion 0 (0%)
C—ET dysfunction 0 (0%)
A—Normal 22 (73.3%)
B—Effusion 2 (6.7%)
C—ET dysfunction 6 (20%)
A—Normal 14 (46.7%)
B—Effusion 6 (20%)

C—ET dysfunction 10 (33.3%)

A—Normal 25 (83.3%)
B—Effusion 2 (6.7%)
C—ET dysfunction 3 (10%)
A—Normal 22 (73.3%)
B—Effusion 2 (6.7%)
C—ET dysfunction 6 (20%)
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Table 4 Eustachian tube functions according to dose of radiotherapy

Dose Tympano before Tympano after Tympano after Tympano 12 weeks after Tympano 12 weeks after
radiography at radiotherapy at radiotherapy at radiotherapy at ipsilateral radiotherapy at contralateral
both ears ipsilateral ear contralateral ear ear ear

60 GY Bil type A A (normal) 4 (57.1%) A (normal) 5 (71.4%) A (normal) 5 (71.4%) A (normal) 7 (100%)

14 ears (23.3%) B (effusion) 1 (14.3%) B (effusion) 0 (0%) B (effusion) 1 (14.3%) B (effusion) 0 (0%)
C (ETD) 2 (28.6%) C (ETD) 2 (28.6%) C(ETD) 1 (14.3%) C (ETD) 0 (0%)

66 GY Bil type A A (normal) 6 (42.9%) A (normal) 10 (71.4%) A (normal) 9 (64.4%) A (normal) 11 (78.7%)

28 ears (46.7%) B (effusion) 2 (14.2%) B (effusion) 1 (7.1%) B (effusion) 1 (7.1%) B (effusion) 1 (7.1%)
C (ETD) 6 (42.9%) C (ETD) 3 (21.3%) C (ETD) 4 (28.5%) C (ETD) 2 (14.2%)

70 GY Bil type A A (normal) 4 (44.5%) A (normal) 7 (77.8%) A (normal) 8 (88.9%) A (normal) 7 (77.8%)

18 ears (30%) B (effusion) 3 (33.3%) B (effusion) 1 (11.1) B (effusion) 0 (0%) B (effusion) 1 (11.1%)
C(ETD) 2 (22.2%) C(ETD) 1 (11.1%) C(ETD) 1 (11.1%) C(ETD) 1 (11.1%)

affection which included radiation otitis media, otitis media
with effusion, and Eustachian tube dysfunction. They stated
middle ear complication post radiotherapy to the head and
neck as the most common complication.

The post radiotherapy tympanometry findings were
abnormal in 40%; this would point to the observations of
the high prevalence of Eustachian tube affection among
patients treated by radiotherapy.

In a similar study by Christiane et al. [4], the tympano-
metric curve was normal in 75.0% (abnormal in 25.0%)
of the ears in the group of individuals exposed to radio-
therapy and normal in 95.0% of the ears in the control
group (not exposed to radiotherapy).

Although statistically insignificant, in supraglottic carcin-
omas, 3 of 3 have abnormal tympanogram. This is mostly
due to high incidence of nodal metastasis in supraglottic
carcinoma so that the nodes at risk are treated bilaterally in
conjunction with the primary malignancy and so large field
of irradiation. The fields usually extend from the bottom of
the cricoid cartilage to 1 to 2cm above the angle of the
mandible. However, larger samples are needed to detect ef-
fect of radiotherapy on tumors of this site. In the analysis
for the influence of tumor stage, nodal stage, and tumor site
on the middle ear function, only the tumor site had a statis-
tical influence on the tympanogram findings (p = 0.04).

The tympanogram was significantly (p = 0.04) affected
by the advancement of the tumor; this is because as the
size of the tumor increases, and the field used for local
control likewise increases, the risk of injury to normal
tissue becomes greater.

Leach [5] reported that radiotherapy on head and neck tu-
mors developed many complications according to the radiated
anatomical area; in other words, they depend on the area
(radiotherapy field) where the radiation is being deployed.

Pearson et al. [6] reported that head and neck radio-
therapy has ototoxic effects which involve whole the ear
especially at the same side of irradiation.

Ana et al. [7] study reported that especially for ad-
vanced disease, because of the presence of large tumors,
there is a need to irradiate the primary site of the disease
and those areas suspected of microscopic disease, having

potential side effects as consequences, especially on the
healthy tissue near the tumor site.

Bhandare et al. [3] study reported that ototoxicity after RT
is a significant complication in a subset of patients who re-
ceive high doses to the auditory apparatus. The incidence of
ototoxicity in all parts of the auditory system increases with
total dose significantly above 60 to 66 Gy but may be ob-
served at doses as low as 50 Gy. Chemoradiation and frac-
tionation may contribute to the incidence of ototoxicities.

Radiotherapy as a main line of treatment
In the analysis for the influence of radiotherapy on the mid-
dle ear function, there was no statistical influence on the
tympanogram findings nor on the Eustachian tube function.
Maier et al. [8] investigated Eustachian tube function be-
fore and after surgery and radiotherapy of patients suffer-
ing from carcinoma of the larynx or hypopharynx and
reported that there were no significant alterations of tubal
function after neck dissection with or without surgery of
the primary tumor, but he observed a significant deterior-
ation of the tubal function immediately after a series of
fractionated percutaneous telecobalt therapy (60 Gy).

Dose of irradiation and its affection on Eustachian tube
functions

In spite of being statistically insignificant, higher doses cause
more affection, so it is better to treat patients with novel
radiotherapy techniques, to enable escalating the radiother-
apy doses given to advanced tumors and simultaneously
reducing the doses to healthy normal tissues, thus signifi-
cantly improving the therapeutic ratio of radiotherapy.

Evans et al. [9] concluded in a study made on 58 pa-
tients of histologically proven carcinoma of head and
neck which received external beam radiotherapy that the
dose of the radiation is proportional to the development
of ototoxicity. Total radiation dose of minimum 60 Gy is
required to produce noticeable ototoxic effects.

In Ana et al. [7] study, according to results from their
statistical analysis, they did not observe a significant associ-
ation regarding complications after treatment for patients
who received radiation doses higher than 64 Gy.
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Tympanometry after 12 weeks post radiotherapy

A point of value was to know if the radiotherapy effect on
the Eustachian tube was permanent or temporary; data ana-
lysis between baseline, end of treatment, and 12 weeks tym-
panograms revealed a significant increase in contralateral ET
dysfunction at end of treatment (20%) and 12 weeks follow-
up (10%), with a significant difference (p = 0.011). Compara-
tive analysis between baseline, end of treatment, and 12
weeks tympanograms revealed highly significant increase in
ipsilateral ET dysfunction at end of treatment (33.3%) and
12weeks follow-up (20%), with a highly significant difference
(p = 0.001). This means that there is significant improve-
ment at Eustachian tube dysfunction by the time, and the ef-
fect of radiotherapy is not a permanent effect.

In our study, we were concerned with the relation of
tumor site, and its relation to Eustachian tube dysfunction
occurred due to exposure to radiotherapy; we found that
the site of the tumor has a significant element (as the ipsi-
lateral ear usually affected more than the contralateral one),
as the nasopharyngeal carcinoma was excluded from our
study which proved to have a higher incidence of OME and
ET dysfunction at the contralateral side of RT exposure.

On the other hand, we were concerned whether the ef-
fect of radiotherapy is permanent or not, but we found a
significant improvement of the ET function after 12
weeks after the end of radiotherapy.

Conclusion

Patients with head and neck tumors treated by radiother-
apy apart from the nasopharynx have a high incidence of
affection of Eustachian tube functions; the possibility for
development of Eustachian tube affection increases with
increased tumor stage which usually required higher dose
of radiation (T4 patients receive 70 GYs).

Tumor site has significant difference at Eustachian tube af-
fection (due to late discovering of supra and sub glottis tu-
mors which usually have metastatic lymph nodes at the
neck, so the exposed area to radiotherapy is larger and dose
is higher) immediately post radiotherapy and after 12 of the
end of radiotherapy. The middle ear functions significantly
improved within 12 weeks after the last dose of radiotherapy.

Tumor side also has significant difference at Eustachian
tube affection (ipsilateral ears of radiation were more
affected than contralateral ones due to selective neck
dissection and parotid radiotherapy which increases the in-
cidence of ipsilateral ear affection).
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