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Abstract
Objective: This study evaluated the relationship between radiation and Eustachian tube dysfunction, and examined
the radiation dose required to induce otitis media with effusion.

Methods: The function of 36 Eustachian tubes in 18 patients with head and neck cancer were examined
sonotubometrically before, during, and 1, 2 and 3 months after, intensity-modulated radiotherapy. Patients with
an increase of 5 dB or less in sound pressure level (dB) during swallowing were categorised as being in the
dysfunction group. Additionally, radiation dose distributions were assessed in all Eustachian tubes using three
dose–volume histogram parameters.

Results: Twenty-two of 25 normally functioning Eustachian tubes before radiotherapy (88.0 per cent) shifted to
the dysfunction group after therapy. All ears that developed otitis media with effusion belonged to the dysfunction
group. The radiation dose threshold evaluation revealed that ears with otitis media with effusion received
significantly higher doses to the Eustachian tubes.

Conclusion: The results indicate a relationship between radiation dose and Eustachian tube dysfunction and otitis
media with effusion.
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Introduction
Radiotherapy (RT), either as a definitive or post-opera-
tive adjuvant treatment, is crucial for the management
of head and neck cancer.1 Intensity-modulated RT is
a conformal technique used to reduce the adverse
effects of RT and control the irradiation doses received
by the target. Well-designed, randomised, controlled
clinical trials have shown that the use of intensity-
modulated RT to spare the parotid glands significantly
reduces the incidence of xerostomia and improves
patients’ quality of life.2 Therefore, intensity-modu-
lated RT has increasingly been used to treat head and
neck cancer.
Otitis media with effusion (OME) is a known clinical

outcome of RT, and has been largely attributed to the
deterioration of Eustachian tube function.3–10 Currently,
Eustachian tube function is often assessed using sonotu-
bometry,11–14 a method based on the arrival of sound
pressure in the auditory canal from the nostril via the

Eustachian tube. Swallowing, yawning and the Valsalva
manoeuvre provoke Eustachian tube opening, which
increases the sound pressure level (SPL) in the auditory
canal.
Some previous studies have examined the relation-

ship between radiation doses and OME;15–17 however,
these included patients treated with intensity-modulated
RT for nasopharyngeal cancer, which itself could cause
Eustachian tube dysfunction and OME. Accordingly,
the present study was conducted to examine the
relationship between Eustachian tube dysfunction and
RT-induced OME in patients with non-nasopharyngeal
head and neck cancer, and to identify the threshold
radiation dose via intensity-modulated RT required to
induce OME.

Materials and methods
This study was approved by the Ethics Committee of
Hyogo College of Medicine Hospital (approval
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number: 1898). All patients provided written informed
consent to participate in this prospective study.
Eighteen patients (16 male, 2 female) with head and

neck cancer who underwent intensity-modulated RT at
the Hyogo College of Medicine Hospital, between
March 2015 and July 2016, were enrolled in this
study. The patients’ ages ranged from 31 to 81 years,
with a mean of 69.2 years. Other characteristics of the
patients are shown in Table I. Disease staging was per-
formed according to the UICC TNM Classification of
Malignant Tumours, seventh edition.18

Regarding treatment, six patients received cisplatin
as an intravenous (IV) infusion (100 mg/m2 two
times on weeks one and four) and three patients
received cisplatin as an intra-arterial injection
(100 mg/m2 four times on weeks one, three, five and
seven) during intensity-modulated RT. Three other
patients received docetaxel IV (20 mg/m2 three times
on weeks one, three and five) and five received cetux-
imab IV (400 mg/m2 loading dose, followed by
250 mg/m2 weekly) during intensity-modulated RT.
Three patients underwent surgical treatments before
RT, including neck dissection alone (case number 1)
and neck dissection with primary resection (numbers
10 and 18) (Table I).
No patient exhibited a soft tissue shadow in the

middle ear on computed tomography (CT) scans, or
had a tumour that reached the Eustachian tubes or
middle ears. Accordingly, all ears were considered to
bewithout otitis media with effusion (OME) before RT.

Radiotherapy and irradiation doses

For treatment planning, all patients underwent CT
scanning in the supine position using an Aquilion LB
CT unit (Toshiba, Otawara, Japan). The CT datasets
were transferred to a XiO treatment planning system
(Elekta, Stockholm, Sweden) or MIM Maestro plan-
ning software (MIM Software, Cleveland, Ohio,

USA) to outline the volumes of interest, including the
Eustachian tubes. The datasets were subsequently
transferred to a commercial Monte Carlo based treat-
ment planning system (Monaco 5.0; Elekta, St Louis,
Missouri, USA), where the RT plans were designed
for volumetric modulated arc therapy.
Regarding treatment, a simultaneous integrated boost

intensity-modulated RT technique was used, with a
photon energy of 6 MV and dose calculation grid size
of 2 mm. The high-risk clinical target volumes (e.g.
gross tumours, post-operative tumour beds) received
total radiation doses of 60–70 Gy in 30–35 once-daily
fractions of 2–2.12 Gy. The planned RT was delivered
using an Elekta Synergy device (Elekta, Crawley,
UK). Daily image guidance was also performed.
Regarding irradiation dose determination, on the CT

datasets, the contoured Eustachian tube was defined as
the area between the pharyngeal ostium and tympanic
ostium of the Eustachian tube. The irradiation dose to
the Eustachian tube was evaluated using a primary
dose–volume histogram, to calculate and record the
maximum dose, mean dose and percentage volume
covering 100 per cent of the prescribed dose to the
Eustachian tube.

Sonotubometry

Sonotubometry was performed (using a JK-05A D type
Eustachian tube function meter; Rion, Tokyo, Japan)
on 36 ears before, after 20 or 21 intensity-modulated
RT fractions, and at 1, 2 and 3 months after the comple-
tion of intensity-modulated RT. Specifically, a sound-
producing probe was placed in contact with the
nostril, and the increased SPL in the ipsilateral auditory
canal during swallowing was examined. Participants
who had difficulty swallowing because of a dry
mouth were allowed to drink water before the test. In
accordance with previous reports, normal Eustachian
tube function was defined as an ear that exhibited an

TABLE I

PATIENTS’ CHARACTERISTICS

Case number Sex Age (years) Primary tumour location TNM classification RT total doses/ fraction Chemotherapy medication

1 M 66 Hypopharynx T3N2bM0 70 Gy/ 33 Fr Cisplatin
2 M 81 Oropharynx T2N1M0 70 Gy/ 33 Fr Cetuximab
3 F 77 Nasal cavity T1N0M0 70 Gy/ 35 Fr Docetaxel
4 M 70 Oropharynx T3N0M0 70 Gy/ 33 Fr Cisplatin
5 F 61 Oropharynx T2N0M0 70 Gy/ 35 Fr Docetaxel
6 M 77 Hypopharynx T2N2bM0 70 Gy/ 33 Fr Cetuximab
7 M 75 Paranasal sinus T3N0M0 66 Gy/ 33 Fr Cisplatin
8 M 74 Hypopharynx T2N2bM0 70 Gy/ 33 Fr Cisplatin
9 M 68 Hypopharynx T2N2bM0 70 Gy/ 33 Fr Cisplatin
10 M 60 Primary unknown TXN2bM0 66 Gy/ 33 Fr Cisplatin
11 M 68 Hypopharynx T3N2aM0 70 Gy/ 33 Fr Cisplatin
12 M 77 Hypopharynx T2N0M0 70 Gy/ 33 Fr Docetaxel
13 M 67 Paranasal sinus T2N0M0 66 Gy/ 33 Fr Cisplatin
14 M 75 Hypopharynx T3N0M0 70 Gy/ 33 Fr Cetuximab
15 M 73 Larynx T4aN2cM0 70 Gy/ 33 Fr Cetuximab
16 M 72 Oropharynx T2N0M0 70 Gy/ 33 Fr Cetuximab
17 M 31 Paranasal sinus T2N0M0 66 Gy/ 33 Fr Cisplatin
18 M 74 Larynx T4aN2bM0 60 Gy/ 30 Fr None

TNM= tumour–node–metastasis; RT= radiotherapy; M=male; F= female

K AKAZAWA, H DOI, S OHTA et al.112

https://doi.org/10.1017/S0022215118000014 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215118000014


increase of more than 5 dB in the SPL during swallow-
ing.12,13 All analysed ears were stratified as having
normal Eustachian tube function (group A) or
Eustachian tube dysfunction (increase of 5 dB SPL or
less, group B). Additionally, OME was set as the end-
point, as fluid in the middle ear might obstruct the
sound pressure.
Pure tone audiometry, tympanometry and otoscopy

were performed simultaneously. All patients with sus-
pected OME (ears with an air–bone gap of more than
10 dB at an average of four frequencies (0.5, 1, 2 and
3 kHz), with type B tympanometry or with a change
in the colour of the tympanic membrane) underwent
myringotomy to confirm the presence of fluid in the
middle ear and thus diagnose OME.

Statistical analysis

All data are expressed as medians (and ranges) unless
otherwise indicated. Regarding Eustachian tube func-
tion and OME, incidence rates were assessed using
Fisher’s exact test and the Mann–Whitney U test,
respectively. The optimal cut-off value for the irradi-
ation dose was determined using receiver operating
characteristic curve analysis. All statistical analyses
were performed using BellCurve for Excel software
(Social Survey Research Information, Tokyo, Japan).
A p-value of less than 0.01 was considered significant.

Results
Sonotubometric evaluation led to the classification of
25 ears (69.4 per cent) as in group A and 11 (30.6
per cent) as in group B before RT. During and after
RT, 22 of the 25 ears (88.0 per cent) in group A
shifted to group B (Figure 1), although 4 of these 22
ears (19.0 per cent) returned to group A at 3 months
after RT. In a comparison of group sizes from before
to three months after RT, group B significantly
increased in size following RT (Fisher’s exact test,
p< 0.01).

Seven ears were found to exhibit otitis media with
effusion (OME) after intensity-modulated RT; these
included bilateral OME in three participants (numbers
4, 6 and 12) and unilateral OME in one participant
(number 10) (Figure 2). All cases of OME occurred
in group B; of these, two ears were originally in
group B, whereas five ears shifted from group A to
group B (Figure 3).
The median (range) maximum dose, mean dose and

percentage volume covering 100 per cent of the pre-
scribed dose for all Eustachian tubes were 55.7 Gy
(13.6–71.7 Gy), 47.4 Gy (4.4–69.0 Gy) and 33.6 Gy
(1.8–61.1 Gy), respectively. Significant differences in
the radiation doses to the Eustachian tubes were
observed between the ears with and without OME
(Mann–Whitney U test, p< 0.01) (Table II). Cut-off
values of 59.0 Gy, 54.5 Gy and 38.0 Gy were

FIG. 1

The timing of changes from initially normal Eustachian tube (ET)
function during and after the course of intensity-modulated radio-

therapy (RT) (25 ears).

FIG. 2

The overall incidence of otitis media with effusion (OME) during
and after the course of intensity-modulated radiotherapy (RT)

(36 ears).

FIG. 3

Changes in Eustachian tube function in ears with otitis media with
effusion (OME) during and after the course of intensity-modulated
radiotherapy (RT) (seven ears). Ear numbers 1 and 2 correspond to
case number 4 in Table I, 3 and 4 correspond to number 6, 5 and 6
correspond to number 12, and 7 corresponds to number 10. The
occurrence of OME was set as a study endpoint. All cases of

OME occurred in group B (Eustachian tube dysfunction).
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calculated for the maximum dose, mean dose and per-
centage volume covering 100 per cent of the prescribed
dose, respectively. Notably, all but one ear with OME
received a mean dose equal to or above the cut-off
value (Figure 4).

Discussion
Otitis media with effusion (OME) has been linked to
Eustachian tube dysfunction. This dysfunction is the
result of a decrease in the gas exchange between the
middle-ear cavity and mucous membrane microcircula-
tion, which creates negative pressure in the middle-ear
cavity, followed by the transudation of effusion.3

Young et al. reported that the Eustachian tube function
(based on passive opening pressure) deteriorated in 75
per cent and 83 per cent of ears at six months and five
years after RT, respectively; however, these authors did
not examine the radiation doses.9 In the present study,
therefore, the first aim was to determine the radiation
doses that cause Eustachian tube dysfunction. However,
this aim was not achievable because Eustachian tube
function deteriorated in almost all cases (88 per cent).
Accordingly, the radiation doses for head and neck
cancer were considered too high to allow a comparison
between the normal and abnormal Eustachian tube
function groups.

• Eustachian tube function deterioration is a
main cause of otitis media with effusion
(OME) after radiotherapy (RT)

• Sonotubometry is a simple, less invasive
method for detecting physiological changes in
Eustachian tube function

• Intensity-modulated RT can focus radiation
on tumours, thus reducing adverse effects and
controlling irradiation dose

• The threshold radiation dose for OME
occurrence was defined based on an analysis
of radiation doses to OME and non-OME ears

Sonotubometry is an objective method used to
evaluate Eustachian tube function according to the
SPL, and is based on the ventilation system in the
middle ear, which is considered a function of the
Eustachian tube. For this evaluation, the patient is
instructed to insert the ear probe into the ear canal,
place the nasal probe to the nostril and swallow. Of
note, the Eustachian tube also mediates ciliary clear-
ance, which is also damaged by RT, and can be mea-
sured by the saccharin test.19 However, the saccharin
test requires an ear perforation, which is not a character-
istic of OME. Accordingly, sonotubometry, which can
detect physiological changes in Eustachian tube func-
tion independently of tympanic membrane perforation,
is more useful than other Eustachian tube function tests
because of its simplicity and non-invasiveness.14

In the present study, themeandose,maximumdose and
percentage volume covering100per cent of the prescribed
dose were used to evaluate the doses to the Eustachian
tubes. To date, radiation doses to the Eustachian tube
have been poorly understood. Previously, Emami et al.
reported that doses of 30 Gy and 40 Gy were associated
with 5 per cent and 50 per cent probabilities of acute
serous otitis, respectively; they also suggested that doses
between 30 Gy and 40 Gy might be safe for two-dimen-
sional RT.20 More recently, Bhandare et al. reviewed the
relationship between the cochlear dose volume and
hearing loss,21 but were unable to determine the doses
to the Eustachian tubes.
Recently, intensity-modulated RT has played a sig-

nificant role as the primary curative treatment for
head and neck cancers because of better tumour

TABLE II

RADIOTHERAPY DOSES IN OME AND NON-OME EARS

Radiotherapy dose parameter (Gy) OME ears∗ Non-OME ears† p-value

Max dose (range) 65.5 (59.3–71.0) 53.3 (13.6–71.7) 0.009
Mean dose (range) 60.6 (51.9–69.0) 44.3 (4.4–64.3) 0.001
% volume covering 100% of prescribed dose (range) 51.3 (38.0–61.1) 29.3 (1.8–54.2) 0.005

Differences in the radiotherapy doses administered to the ears with and without otitis media with effusion (OME) were compared using the
Mann–Whitney U test. ∗n= 7; †n= 29

FIG. 4

The otitis media with effusion (OME) and non-OME ears (36 ears)
were divided into two groups according to the cut-off values of
maximum dose (Dmax), mean dose (Dmean) and percentage
volume covering 100 per cent of the prescribed dose (D100%). The
x-axis indicates ears that received doses of less than, and equal to
or greater than, these cut-off values (59.0 Gy, 54.5 Gy and 38.0

Gy, respectively). RT= radiotherapy
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target coverage and the sparing of normal tissue.
Although Wang et al. reported that a radiation dose
to the Eustachian tube isthmus, under an intensity-
modulated RT protocol, with a total dose of 53 Gy,
might decrease radiation-induced OME,17 their study
focused on nasopharyngeal cancer, which itself could
obstruct the Eustachian tube. In contrast, a study by
Upadhya et al., which demonstrated the ototoxicity
(including OME) caused by radiation for head and
neck cancers excluding nasopharyngeal cancer,22 did
not use intensity-modulated RT and the radiation
dose to the Eustachian tube was not thought to be
correct. Therefore, the present prospective study has
two advantages: a focus on intensity-modulated RT
and the exclusion of nasopharyngeal cancer from the
head and neck cancer cases.
In our study, OME occurred in seven ears that were

classified as in group B. Of these, five and two ears
were classified as in groups A and B, respectively,
before intensity-modulated RT, with five ears shifting
to group B after intensity-modulated RT. The occur-
rence of OME in seven ears, all in group B, indicated
Eustachian tube dysfunction just before the develop-
ment of OME (Figure 4). This suggests that radiation-
induced Eustachian tube dysfunction is closely
related to the occurrence of OME.
Given the small size of the Eustachian tube and the

risk of human error during contouring, even when
using thin-slice CT, we evaluated the mean dose,
maximum dose and percentage volume covering 100
per cent of the prescribed dose for the Eustachian
tubes, to reduce inter-observer error. Notably, we
observed significant differences in the radiation doses
administered to OME and non-OME ears. The
present data warrant the performance of further pro-
spective studies to clarify the clinical benefit of a
dose reduction to the Eustachian tube during inten-
sity-modulated RT.
Our study had some limitations. For example, only a

small number of cases were included, and the observa-
tion period was short. Furthermore, we did not analyse
clinical stage, tumour size, chemotherapy or surgical
treatment before intensity-modulated RT. However, to
the best of our knowledge, this was the first prospective
study to evaluate the relationship between Eustachian
tube dysfunction and OME using sonotubometry, and
the link between intensity-modulated RT radiation
doses and OME, in patients with non-nasopharyngeal
head and neck cancer.

Conclusion
We observed a positive relationship between radiation-
inducedEustachian tube dysfunction and the occurrence
of otitis media with effusion (OME). Furthermore, we
used three dose–volume histogram parameters to deter-
mine the thresholds of radiation doses to the Eustachian
tube that were predictive of the occurrence of OME in a
population of patients treated with intensity-modulated
RT for head and neck cancer. Further prospective

studies are needed to clarify the clinical benefit of redu-
cing the radiation dose to the Eustachian tube.

References
1 Yeh SA. Radiotherapy for head and neck cancer. Semin Plast

Surg 2010;24:127–36.
2 Nutting CM, Morden JP, Harrington KJ, Urbano TG, Bhide SA,

Clark C et al. Parotid-sparing intensity modulated versus con-
ventional radiotherapy in head and neck cancer (PARSPORT):
a phase 3 multicentre randomised controlled trial. Lancet
Oncol 2011;12:127–36.

3 Bluestone CD. Pathogenesis of otitis media: role of eustachian
tube. Pediatr Infect Dis J 1996;15:281–91.

4 Takahashi H, Hayashi M, Sato H, Honjo I. Primary deficits in
Eustachian tube function in patients with otitis media with effu-
sion. Arch Otolaryngol Head Neck Surg 1989;115:581–4.

5 StenstormC,BylanderGA, IngvarssonL.Eustachian tube function
in otitis-prone and healthy children. Int J Pediatr Otorhinolaryngol
1991;21:127–38.

6 Iwano T, Kinoshita T, Hamada E, Doi T, Ushiro K, Kumazawa T.
Otitis media with effusion and eustachian tube dysfunction in
adults and children. Acta Otolaryngol Suppl 1993;500:66–9.

7 Wang LF, Kuo WR, Ho KY, Lee KW, Lin CS. A long-term
study on hearing status in patients with nasopharyngeal carcin-
oma after radiotherapy. Otol Neurotol 2004;25:168–73.

8 Hsin CH, Chen TH, Liang KL, Tseng HC, Liu WS.
Postirradiation otitis media with effusion in nasopharyngeal car-
cinoma patients treated by intensity-modulated radiotherapy.
Laryngoscope 2013;123:2148–53.

9 Young YH, Lin KL, Ko JY. Otitis media with effusion in
patients with nasopharyngeal carcinoma, postirradiation. Arch
Otolaryngol Head Neck Surg 1995;121:765–8.

10 Wakisaka H, Yamada H, Motoyoshi K, Ugumori T, Takahashi
H, Hyodo M. Incidence of long-term ipsilateral and contralateral
ototoxicity following radiotherapy for nasopharyngeal carcin-
oma. Auris Nasus Larynx 2011;38:95–100.

11 van Heerbeek N, van der Avoort SJ, Zielhuis GA, Cremers CW.
Sonotubometry: a useful tool tomeasure intra-individual changes
in eustachian tube ventilatory function. Arch Otolaryngol Head
Neck Surg 2007;133:763–6.

12 Beleskiene V, Lesinskas E, Januskiene V, Daunoraviciene K,
Rauba D, Ivaska J. Eustachian tube opening measurement by
sonotubometry using perfect sequences for healthy adults.
Clin Exp Otorhinolaryngol 2016;9:116–22.

13 Di Martino EF, Thaden R, Antweiler C, Reineke T, Westhofen
M, Beckschebe J et al. Evaluation of eustachian tube function
by sonotubometry: results and reliability of 8 kHz signals in
normal subjects. Eur Arch Otorhinolaryngol 2007;264:231–6.

14 Ohta S, Sakagami M, Suzuki M, Mishiro Y. Eustachian tube
function and habitual sniffing in middle ear cholesteatoma.
Otol Neurotol 2009;30:48–53.

15 Wang SZ, Wang WF, Zhang HY, Guo M, Hoffman MR, Jiang
JJ. Analysis of anatomical factors controlling the morbidity of
radiation-induced otitis media with effusion. Radiother Oncol
2007;85:463–8.

16 Young YH, Sheen TS. Preservation of tubal function in patients
with nasopharyngeal carcinoma, post-irradiation. Acta
Otolaryngol 1998;118:280–3.

17 Wang SZ, Li J, Miyamoto CT, Chen F, Zhou LF, Zhang HY
et al. A study of middle ear function in the treatment of nasopha-
ryngeal carcinoma with IMRT technique. Radiother Oncol
2009;93:530–3.

18 Sobin LH, Gospodarowicz MK, Wittekind C, eds. UICC TNM
Classification of Malignant Tumours, 7th edn. New York:
Wiley-Liss, 2009.

19 Ikehata M, Ohta S, Mishiro Y, Katsura H, Miuchi S, Tsuzuki K
et al. Usefulness of the saccharin test for assessment of eusta-
chian tube function in patients with chronic otitis media with
perforation. Otol Neurotol 2017;38:60–5.

20 Emami B, Lyman J, Brown A, Coia L, Goitein M, Munzenrider
JE et al. Tolerance of normal tissue to therapeutic irradiation. Int
J Radiat Oncol Biol Phys 1991;21:109–22.

21 Bhandare N, Jackson A, Eisbruch A, Pan CC, Flickinger JC,
Antonelli P et al. Radiation therapy and hearing loss. Int J
Radiat Oncol Biol Phys 2010;76:S50–7.

22 Upadhya I, Jariwala N, Datar J. Ototoxic effects of irradiation.
Indian J Otolaryngol Head Neck Surg 2011;63:151–4.

EUSTACHIAN TUBE DYSFUNCTION AND OTITIS MEDIA WITH EFFUSION IN RADIOTHERAPY PATIENTS 115

https://doi.org/10.1017/S0022215118000014 Published online by Cambridge University Press

https://doi.org/10.1017/S0022215118000014


Address for correspondence:
Dr Kazuyuki Akazawa,
Department of Otolaryngology – Head and Neck Surgery,
Hyogo College of Medicine,
1-1 Mukogawa-cho,
Nishinomiya City,
Hyogo 663-8501, Japan

Fax: +81 798 41 8976
E-mail: a-kazu@hyo-med.ac.jp

Dr K Akazawa takes responsibility for the integrity of the content
of the paper
Competing interests: None declared

K AKAZAWA, H DOI, S OHTA et al.116

https://doi.org/10.1017/S0022215118000014 Published online by Cambridge University Press

mailto:a-kazu@hyo-med.ac.jp
https://doi.org/10.1017/S0022215118000014

	Relationship between Eustachian tube dysfunction and otitis media with effusion in radiotherapy patients
	Introduction
	Materials and methods
	Radiotherapy and irradiation doses
	Sonotubometry
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


