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Abstract 
Background and Aim: Some risk factors for 

obstructive sleep apnea (OSA) such as upper 

respiratory airways abnormalities and obesity 

overlap with the risk factors for Eustachian tube 

dysfunction (ETD). In this study, we investiga-

ted the prevalence of ETD in a population of 

patients with OSA. 

Methods: Tubal dysfunction was determined by 

tympanometry and inflation-deflation test in 36 

patients diagnosed with severe OSA and 20 nor-

mal participants. 

Results: More than 80% of patients with OSA 

had concomitant ETD at least in one ear. Obese 

participants had a smaller tympanometric peak 

pressure (TPP) shift after inflation-deflation test 

than non-obese subjects. There was no signify-

cant correlation between TPP shift and duration 

of OSA. 

Conclusion: High prevalence of concomitant 

ETD was determined in patients with severe 

OSA and obese individuals. Tubal function tes-

tis suggested in patients referred for OSA evalu-

ation. 

Keywords: Eustachian tube dysfunction; 

inflation-deflation test; obesity; obstructive 
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Introduction 
Obstructive sleep apnea (OSA) is defined as a 

syndrome with recurrent respiratory tract obs-

tructions causing decreased or ceased breathing 

[1]. Race, obesity, aging, male sex, smoking, 

alcohol intake, and upper airway dimensions are 

the risk factors for OSA [2-4]. The prevalence 

of patients at high risk for OSA ranges from 

4.98% [5] to 27.3% [6] in Iran. This variation is 

due to the fact that the former study was per-

formed on a higher number of women, much 

younger population, and larger sample size [5]. 

Eustachian tube [5] plays an important role in 

the maintenance of the normal middle ear pre-

ssure (MEP). The abnormal function of ET can 

lead to the middle ear under pressure and also 

otitis media and other related-ear diseases [7]. 

Various tests have been used to test ET function 

over the years. These include pneumatic otos-

copy, manometric tests, sonotubometry, tubo-

manometry, endoscopy, radiological imaging, 

and electromyography [7-9]. Among these tests, 

manometric tests are the most widely used 

methods [7,9]. Nine-step inflation-deflation test 

was first described by bluestone [7]. This test is 

applied to evaluate ET when tympanic mem-

brane is intact and there is no effusion in the 

middle ear. It is easy to administer and can be 
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performed with a tympanometric device. Nine-

step inflation-deflation test has been shown to 

detect ET opening in 81% of healthy ears [10]. 

This test predicted barotrauma in scuba divers 

with positive predictive value of 69%, negative 

predictive value of 72%, and efficiency of 71% 

[11]. 

Eustachian tube connects the middle ear cavity 

with the nasopharynx; therefore, it can be affect-

ted by the repetitive obstruction of upper respi-

ratory pathways caused by OSA. Moreover, 

upper airways disorders are common risk fac-

tors for both ETD and OSA. A previous study 

demonstrated the prevalence of the Eustachian 

tube dysfunction (ETD) reported as 32% in 

infants with OSA, which was much higher than 

the ETD prevalence of 4% in the general pediat-

ric population [12]. Although etiologies for 

ETD and OSA in children and adults are par-

tially different, we hypothesized that adult pati-

ents may also present some degrees of ETD. 

In this study, we evaluated ETD by nine-step 

inflation-deflation test in a population of pati-

ents examined in a snoring clinic and also inves-

tigated the correlation between ETD and sex, 

weight, body mass index (BMI), and duration of 

OSA. 

 

Methods 

Seventy eight patients were diagnosed with con-

firmed OSA by polysomnography. Based on 

respiratory disturbance index (RDI)>30 event 

per hour [13], 36 patients had severe OSA with 

no history of ear problems. Of 42 patients exclu-

ded from the study, 31 had mild or moderate 

OSA, 5 had oropharyngeal mass, 2 showed trau-

matic tympanic membrane perforation, 2 had 

palatal disorders, 1 had fungal otitis externa, and 

1 patient had history of temporal bone fracture. 

Thirty six patients along with 20 normal volun-

teers with no history of snoring and otologic 

disorders were enrolled in this study. They 

signed written informed consent forms. 

All participants underwent otoscopic examina-

tion and Eustachian tube function evaluation 

through inflation-deflation test. They were sea-

ted comfortably and explained about the pro-

cedures. The external ear canal was properly 

sealed with a rubber ear cuff. The probe set was 

connected to a commercial acoustic immittance 

system (ZS26-IB, Madsen, Denmark). 

Tympanometric peak pressure (TPP) was mea-

sured at rest at 226 Hz. Tympanograms indica-

ted type A when TPPs occurred between -100 to 

+50 dapa, type C when TPPs fell below -100 

dapa, and type B when no measurable TPP was 

occurred. 

For participants who showed type A tympano-

gram, inflation-deflation test was performed 

using +200 dapa (inflation) and -200 dapa 

(deflation) pressures, which was introduced to 

the ear canal of the subject. At each pressure, 

the participant was asked to swallow several 

times. Posttest tympanograms were recorded 

after both inflation and deflation. Tubal opening 

appeared as a shift in TPP in the opposite direc-

tion of applied pressure. TPP shift values less 

than 10 dapa in each test were considered abno-

rmal [7,14]. 

BMI was calculated as kg/m
2
. We used BMI 

cut-off point of ≥27 for obesity and <27 for non-

obesity [4]. 

Data were expressed as mean (±SD). We used 

independent-sample t-test to compare TPP shifts 

between normal and OSA groups, as well as 

between obese and non-obese groups. We could 

not compare inflation-deflation test results bet-

ween obese and non-obese patients with OSA 

because only five patients had BMI<27. 

Therefore, TPP shift values after inflation-

deflation test were compared between all obese 

and non-obese participants with type A tym-

panograms. To compare TPP shifts between 

males and females within each group and bet-

ween groups, we used Mann-Whitney U test. 

Spearman correlation test was used to determine 

the correlation between TPP shift and duration 

of OSA and weight. All data were analyzed 

using SPSS 23. The statistical significance level 

was set at p<0.05. 

 

Results 
Demographic characteristics of normal and 

OSA groups are presented in Table 1. There was 

no significant difference between right and left 

ear in all of the parameters; therefore, data from 
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the right and left ears were averaged. The nor-

mal group showed type A tympanograms in 

both ears (40 ears), while 65 ears in the OSA 

group had normal TPPs (Table 2). TPPs in the 

normal group were significantly higher than 

TPPs of type A-OSA patients (p<0.001). 

Post-inflation TPP shifts in the normal group 

were greater than the shifts in OSA patients 

with type A tympanograms (p<0.001), while 

post-deflation TPP shift values were not signify-

cantly different between the groups (p>0.05). 

Compared to the lower normal limit of TPP 

shift values which is 10 dapa, ET dysfunction 

(including type C or type B tympanograms, or 

abnormal inflation/deflation test results) was 

demonstrated in both ears of 20 (55.56%) OSA 

patients, while in 9 (25%) patients it was detec-

ted in one ear. Only 7 (19.44%) patients had 

normal Eustachian tube function in both ears. 

Post-inflation and deflation TPP values were not 

significantly different between males and fem-

ales within each group and also between groups 

(p>0.05, Table 3). 

Obese participants showed smaller TPP shift 

after both inflation and deflation tests than  

non-obese ones (inflation: 33.06±9.72 vs. 

21.17±20.54, respectively, CI=3.25-20.52, 

p=0.008; deflation: 37.92±18.19 vs. 

26.32±23.48, respectively, CI= 1.30-24.48, 

p=0.049). 

Tympanometric peak pressure shifts after infla-

tion and deflation were not significantly corre-

lated with duration of OSA (p>0.05) and weight 

(inflation: r= -0.09, p>0.05; deflation: r= -0.32, 

p>0.05). 

 

Discussion 
In this study, more than 80% of patients with 

OSA presented Eustachian tube disfunction 

(ETD) at least in one ear associated with apnea 

during sleep. Their TPP shift values after infla-

tion test were significantly smaller than those 

values in the normal group; however, deflation 

test results showed no significant between-

group difference. In general, compared to non-

obese subjects, obese participants had smaller 

TPP shifts after both inflation and deflation 

tests. 

The prevalence of ETD has not yet been esti-

mated in Iranian population. However, in UK 

adult population, the prevalence of ETD has 

been reported as 0.9%, confirmed by video 

endoscopy [15]. In this study, the ETD preva-

lence was obtained as 80% in patients with 

severe OSA which was much greater than  

the prevalence in the normal group. High 

prevalence of ETD can be attributed partially 

but not totally to lower sensitivity and 

specificity of inflation-deflation test compared 

to video endoscopy. It should be noted that all 

Table 1. Demographic characteristics of 

participants in normal and obstructive sleep 

apnea groups 

 

 
Normal group 

(n =20) 

OSA group 

(n=36) 

Gender (n)   

Male/Female 6/14 25/11 

Age (yr)   

Mean (SD) 51.15 (6.28) 48.72 (10.28) 

Minimum 42 23 

Maximum 62 70 

Duration of OSA (yr)   

Mean (SD) - 9.16 (7.96) 

Minimum - 0.5 

Maximum - 30.00 

BMI (Kg/m2)   

Mean (SD) 26.10 (3.12) 33.76 (7.00) 

Minimum 20.70 22.10 

Maximum 33.70 55.30 

≥27 (n) 7 31 

Weight (Kg)   

Mean (SD) 70.10 (11.01) 91.79 (14.18) 

Minimum 53 72 

Maximum 92 125 

OSA; obstructive sleep apnea, N; number, yr; year, BMI; 

body mass index 
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participants in the normal group presented nor-

mal TPP shift values. Similarly, the ETD preva-

lence has been reported as 32% in infants with 

OSA compared to the general pediatric preva-

lence of 4% to 7% [12]. In the latter study, tubal 

dysfunction was determined by myringotomy 

and ventilation tube placement in 3-24 month 

old children. 

Disorders in the upper respiratory pathways are 

a main risk factor for ETD. In general, patients 

with OSA have anatomically small airways 

[16]. Previously, it had been reported that abno-

rmalities in the upper respiratory pathways such 

as narrowing of the pharyngeal lumen and cha-

nging of pharyngeal shape may lead upper-

airway to collapse, which in turn causes snoring 

and sleep apnea [17-19]. Using computed 

tomography imaging during the Müller maneu-

ver state, a recent study has shown transverse 

nasopharynx and anteroposterior nasopharynx 

decreased in patients with severe OSA. The 

mean cross-sectional area of nasopharynx amo-

ng these patients was smaller. Moreover, pati-

ents with severe OSA presented more spherical 

shape at the level of nasopharynx based on their 

anteroposterior to transverse ratio at that level 

and also a strong positive association between 

OSA severity and the indices of upper-airway 

length was found [4]. 

It has been reported that recent drastic increases 

in the prevalence of OSA are associated with 

the increased prevalence of obesity [20]. In 

obese patients, increased adipose tissue in the 

pharyngeal structures can lead to increased 

Table 2. Mean (SD) tympanometric peak pressure and tympanogram types in normal and OSA groups 

 

 Normal group (n=40 ears)  OSA group (n=72 ears)   

Tympanogram (n, %)     

Type A 40 (100) 65 (90.28)   

Type C - 3 (4.17)   

Type B - 4 (5.55)   

 
Normal group 

(n=40 ears)  

OSA group with type A 

(n=65 ears) 
p 

95% Confidence interval 

(lower, upper) 

TPP at rest (dapa)     

Mean (SD) -4.87 (8.28) -17.85 (26.28) <0.001 2.87, 21.60 

Minimum -25 -100   

Maximum 10 30   

TPP shift after inflation (dapa)     

Mean (SD) 32.50 (9.20) 20.40 (22.26) <0.001 3.08, 20.42 

Minimum 10 0   

Maximum 50 90   

TPP shift after deflation (dapa)     

Mean (SD) 31.38 (12.91) 27.02 (26.11) 0.266 -9.83, 12.75 

Minimum 15 0   

Maximum 70 90   

OSA; obstructive sleep apnea, N; number, TPP; tympanometric peak pressure 
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tissue pressure on the pharyngeal wall and inc-

reased overall mass within these tissues that in 

turn can result in the airway collapse [16]. In 

addition, the number of adipose tissue-resident 

macrophages that are located in the middle ear 

increases secondary to obesity. These macro-

phages secrete agents such as cytokines and adi-

pokines (e.g. leptin and adiponectin) that have 

an inflammatory effect on airways including 

Eustachian tube [21]. These factors may explain 

the high prevalence of concomitant ETD and 

obesity in OSA patients. 

Individuals with ETD usually are represented 

with ear fullness, muffled hearing, or tinnitus. 

Clinical significance of inflation-deflation test 

results should be considered in association with 

the patients complaints. 

 

Conclusion 
Patients with severe OSA presented high preva-

lence of concomitant Eustachian tube dysfunc-

tion. Moreover, obese participants showed hig-

her abnormal tubal function. Eustachian tube 

function evaluation and treatment are suggested 

in these patients. 

 

Acknowledgement 

This article is supported by grant No. 3958 from 

Tehran University of Medical Sciences. We 

would like to thank Sara Arzideh and Saeed 

Nasrolahi for their help in evaluation of the 

participants’ ETF, Dr. Gholamreza Derakhshan 

Deilami and Mohammadreza Amini for assess-

ment of OSA. 

REFERENCES 
1. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr 

S. The occurrence of sleep-disordered breathing among 

middle-aged adults. N Engl J Med. 1993;328(17):1230-

5. 

2. Mirrakhimov AE, Sooronbaev T, Mirrakhimov EM. Pre-

valence of obstructive sleep apnea in Asian adults: a 

systematic review of the literature. BMC Pulm Med. 

2013;13:10. 

3. Taranto Montemurro L, Kasai T. The upper airway in 

sleep-disordered breathing: UA in SDB. Minerva Med. 

2014;105(1):25-40. 

4. Huang JF, Chen GP, Wang BY, Xie HS, Zhao JM, Wu 

LH, et al. Assessment of upper-airway configuration in 

obstructive sleep apnea syndrome with computed tomo-

graphy imaging during müller maneuver. Respir Care. 

2016;61(12):1651-1658. 

5. Amra B, Farajzadegan Z, Golshan M, Fietze I, Penzel T. 

Prevalence of sleep apnea-related symptoms in a Persian 

population. Sleep Breath. 2011;15(3):425-9. 

6. Khazaie H, Najafi F, Rezaie L, Tahmasian M, Sepehry 

AA, Herth FJ. Prevalence of symptoms and risk of obs-

tructive sleep apnea syndrome in the general population. 

Arch Iran Med. 2011;14(5):335-8. 

7. Bluestone CD. Eustachian tube: structure, function, role 

in otitis media. Hamilton, Ontario: BC Decker; 2005. 

8. Kurien R, Chrisolyte S, Rupa V. Inflation-deflation test 

as a predictor of aditus patency in patients with chronic 

suppurative otitis media. Indian J Otolaryngol Head 

Neck Surg. 2009;61(3):169-72. 

9. Smith ME, Tysome JR. Tests of Eustachian tube 

function: a review. Clin Otolaryngol. 2015;40(4):300-

11. 

10. McBride TP, Derkay CS, Cunningham MJ, Doyle WJ. 

Evaluation of noninvasive eustachian tube function tests 

in normal adults. Laryngoscope. 1988;98(6 Pt 1):655-8. 

11. Uzun C. Evaluation of predive parameters related to 

eustachian tube dysfunction for symptomatic middle ear 

barotrauma in divers. Otol Neurotol. 2005;26(1):59-64. 

12. Robison JG, Wilson C, Otteson TD, Chakravorty SS, 

Mehta DK. Increased eustachian tube dysfunction in 

infants with obstructive sleep apnea. Laryngoscope. 

2012;122(5):1170-7. 

13. Tsara V, Amfilochiou A, Papagrigorakis MJ, 

Georgopoulos D, Liolios E. Guidelines for diagnosis and 

Table 3. Mean (SD) tympanometric peak pressure and tympanogram types in males 

and females with type A tympanograms 

 

 Mean (SD) TPP shift after inflation (dapa)  Mean (SD) TPP shift after deflation (dapa) 

Group Male Female p*  Male Female p* 

Normal 29.58 (9.00) 33.75 (6.41) 0.253  25.92 (7.81) 35.00 (10.24) 0.091 

OSA 17.02 (15.72) 29.44 (31.07) 0.282  27.14 (29.32) 36.39 (23.02) 0.409 

p** 0.075 0.692 -  0.560 0.844 - 

OSA; obstructive sleep apnea, TPP; tympanometric peak pressure, *Compared within group, **Compared 

between groups 



220                                                                                                        Eustachian tube dysfunction in severe OSA 

Aud Vest Res (2016);25(4):215-220.                                                                                         http://avr.tums.ac.ir 

treatment of sleep-related breathing disorders in adults 

and children. Definition and classification of sleep rela-

ted breathing disorders in adults: different types and 

indications for sleep studies (Part 1). Hippokratia. 

2009;13(3):187-91. 

14. Hidir Y, Ulus S, Karahatay S, Satar B. A comparative 

study on efficiency of middle ear pressure equalization 

techniques in healthy volunteers. Auris Nasus Larynx. 

2011;38(4):450-5. 

15. Poe DS, Pyykkö I, Valtonen H, Silvola J. Analysis of 

eustachian tube function by video endoscopy. Am J 

Otol. 2000;21(5):602-7. 

16. Susarla SM, Thomas RJ, Abramson ZR, Kaban LB. 

Biomechanics of the upper airway: Changing concepts 

in the pathogenesis of obstructive sleep apnea. Int J Oral 

Maxillofac Surg. 2010;39(12):1149-59. 

17. Hui DS, Ko FW, Chu AS, Fok JP, Chan MC,  

Li TS, et al. Cephalometric assessment of craniofacial 

morphology in Chinese patients with obstructive sleep 

apnoea. Respir Med. 2003;97(6):640-6. 

18. Liu SY, Huon LK, Lo MT, Chang YC, Capasso R, Chen 

YJ, et al. Static craniofacial measurements and dynamic 

airway collapse patterns associated with severe obstruc-

tive sleep apnoea: a sleep MRI study. Clin Otolaryngol. 

2016;41(6):700-6. 

19. Segal Y, Malhotra A, Pillar G. Upper airway length may 

be associated with the severity of obstructive sleep 

apnea syndrome. Sleep Breath. 2008;12(4):311-6. 

20. McCormick JP, Hildrew DM, Lawlor CM, Guittard JA, 

Worley NK. Otic barotrauma resulting from continuous 

positive airway pressure: case report and literature rev-

iew. Ochsner J. 2016;16(2):146-9. 

21. Kanazawa H, Yoshida N, Yamamoto H, Hara M, 

Hasegawa M, Matsuzawa S, et al. Risk factors 

associated with severity of eosinophilic otitis media. 

Auris Nasus Larynx. 2014;41(6):513-7. 

 

 


