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Introduction

The eustachian tube is the only conduit connecting the mid-
dle ear cavity and the nasopharynx, and it plays several roles 
in maintaining middle ear health. It has a ventilation function 
that equalizes the pressure between the middle ear and the 
atmosphere, a drainage function that excretes secretion from 
the middle ear into the nasopharynx, and a defensive func-
tion that prevents reflux from the nasopharynx [1-6]. It is 
generally accepted that eustachian tube dysfunction (ETD) is 
associated with several middle ear diseases [7,8]. Further, im-
proper opening of the eustachian tube, such as owing to ob-
structive ETD, can cause miscellaneous ear symptoms, includ-
ing ear fullness, popping sound, and otalgia [4,9-11]. 

The quantitative evaluation of eustachian tube function is 

challenging. Classically, the Valsalva maneuver, Toynbee ma-
neuver, Frenzel maneuver, and Politzer maneuver can readily 
be conducted in the office [12]. However, specific devices are 
required to quantitatively measure eustachian tube function. 
Sonotubometry and tubomanometry are representative meth-
ods to evaluate eustachian tube function that can quantitative-
ly measure it [13-17]. Bluestone’s nine-step test and inflation/
deflation test can also evaluate physiologic function induced 
by swallowing [18,19]. In addition, Bluestone’s nine-step test 
is a simple test based on impedance audiometry for patients 
with the normal drums. However, there is no single gold-stan-
dard test to evaluate eustachian tube function that is universal-
ly accepted [20,21].

Since 2012, the Eustachian Tube Dysfunction Question-
naire-7 (ETDQ-7), which was introduced by McCoul et al. [9] 
has been widely used to quantify the subjective symptoms of 
ETD. The ETDQ-7 is a disease-specific instrument that has 
reported 100% sensitivity and specificity in cut-off average 
score 2.1 in patients with ETD who had abnormal tympa-
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nometry. Similarly designed studies using translated versions 
of ETDQ-7 have also reported >90% sensitivity and specificity 
[22-25]. However, unlike these studies enrolled patients hav-
ing abnormal tympanometry as an ETD group, ETD is often 
diagnosed by representative symptoms alone, without the ab-
normal drum findings [11, 26-28]. 

Therefore, it is necessary to clarify the relationship between 
symptom-based ETDQ-7 and the objective eustachian tube 
function test (ETFT) in patients with normal drum. This study 
retrospectively analyzed the result of ETDQ-7 and ETFT us-
ing GSI TympStar Pro (Grason-Stadler Inc., Eden Prairie, 
Minnesota, MN, USA) from all patients who had ear fullness 
in at least one ear with a normal tympanic drum. We expect 
that this study will reveal the clinical value of ETDQ-7 in the 
real world, possibly helping clinicians in the selection of can-
didates for surgical intervention.

Subjects and Methods

Study population
We retrospectively reviewed medical records from May 

2021 to Aug 2021 to identify patients 1) who complained of 
ear fullness for more than 3 months without patulous eusta-
chian tube symptoms such as autophony or breathing sounds, 
and 2) with normal drum findings. Patients were excluded if 
they had the result of impedance audiometry type B (absence 
of peak impedance) or were under the age of 12 years. Based 
on these criteria, a total of 93 ears of 49 patients were includ-
ed. The ETDQ-7 survey and ETFT were routinely conducted 
in patients who complained of ear fullness; thus, all enrolled 
patients had the results of these examinations. The institutional 
review board of the Severance Hospital approved this study, 
and the need for informed consent was waived owing to the 
retrospective design of the study (4-2021-1180).

Evaluation of eustachian tube function
All enrolled patients underwent a Korean language version of 

the ETDQ-7 survey and ETFT using GSI TympStar Pro (Gra-
son-Stadler Inc.) on the same day. The ETDQ-7 consisted of 
seven questionnaires that included representative symptoms 
of ETD. ETFT by GSI TympStar Pro (Grason-Stadler Inc.) is 
based on Bluestone’s nine-step test. Initially, the middle ear 
pressure was evaluated in a normal state. Next, 400 daPa of 
negative pressure was introduced to the ear canal, followed by 
dry swallowing thrice, after which the middle ear pressure was 
evaluated. Lastly, the same procedure was performed using 
400 daPa of positive pressure. The maximal difference in eu-
stachian tube function test (ETFTMD) from the three states is re-
garded as the reflection of eustachian tube function. Accord-

ing to the manufacturer’s guidelines, more than 15 daPa of 
maximal difference is regarded as normal. However, suggest-
ed maximal difference is more than 10 daPa after the Valsalva 
manuver as a normal cut-off value. Therefore, the authors ana-
lyzed both of cut-off values (ETFT <10 and ETFT <15). The 
receiver operating characteristic (ROC) curve and the relation-
ship between the results were statistically analyzed.

Statistical analyses 
We examined the correlation between the results using Spear-

man’s rho. Student’s t-test was used to compare the two groups. 
The ROC curve was visualized using Prism 8.0 (GraphPad Soft-
ware, San Diego, CA, USA). The sensitivity and specificity 
were evaluated from the ROC curve. All statistical analyses 
were conducted using IBM SPSS version 20 (IBM Co., Ar-
monk, NY, USA), and p<0.05 was considered statistically sig-
nificant.

Results

Patients’ characteristics
A total of 93 ears of 49 patients aged 15-74 years (mean, 

41.00±17.22 years) were included in this study; 14 (28.6%) 
were male (Table 1). The mean score of ETDQ-7 was 2.75±
1.19, and 32 ears scored less than 2.1. The group with ETD 
was defined by the maximal difference in middle ear pressure 
in the ETFT; two cut-off values were evaluated. There were 

Table 1. Patient information (93 ears of 49 patients)

Characteristics Values
Age (yr) Person 41.00±17.22
Patient (n [%]) Person

Male 14 (28.6)

Female 35 (71.4)

ETDQ-7 Ears 2.75±1.19
Question 1 3.82±1.88
Question 2 2.04±1.43
Question 3 3.86±1.97
Question 4 2.43±1.81
Question 5 2.33±1.86
Question 6 2.74±1.89
Question 7 2.03±1.41

ETFTMD (daPa) Ears 34.19±42.71 
＜10 daPa (n [%]) 27 (29.0)
＜15 daPa (n [%]) 36 (38.7)

Middle ear pressure (daPa) Ears  -8.74±29.13 
Peak impedance (mmho) Ears 0.70±0.81 
Values are presented as mean±standard deviation unless oth-
erwise indicated.
ETDQ-7, Eustachian Tube Dysfunction Questionnaire-7; ETFTMD, 
maximal difference in eustachian tube function test
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27 diseased ears (29.0%) with ETFT <10 daPa and 36 ears 
(38.7%) with ETFT <15 daPa. Normal middle ear pressure and 
peak impedance were -8.74±29.13 daPa and 0.70±0.81 
mmho, respectively.

Association between ETFT and ETDQ-7
The results of ETFTMD and ETDQ-7 did not show a signifi-

cant correlation (r=-0.032, p=0.764) (Table 2). Furthermore, 
none of the individual scores of the questionnaire showed a 
significant correlation with ETFTMD. ETDQ-7 did not show 
a significant correlation with any other factor, including mid-
dle ear pressure and peak impedance. Conversely, ETFTMD 
showed a significant positive correlation with middle ear pres-
sure (r=0.358, p<0.001) (Fig. 1). This implies that middle ear 
pressure tends to be negative in patients with poor eustachian 
tube function.

Diagnostic value of ETDQ-7 based on ETFT
When ETD was defined as ETFTMD <15 daPa, the area un-

der the curve (AUC) of ETDQ-7 was 0.562 (p=0.317) (Fig. 
2). The sensitivity and specificity of the mean ETDQ-7 cut-off 
of 4.07 was 25.0% and 91.2%, respectively. In addition, the 
questionnaires in ETDQ-7 did not show a significant differ-
ence between the ETD group and the normal group (Table 3).

In contrast, when ETD was defined as ETFTMD <10 daPa, 
the AUC of ETDQ-7 was 0.631 (p=0.049). The sensitivity and 
specificity of the mean ETDQ-7 cut-off of 3.93 was 37.0% and 
89.4%, respectively. The scores of questionnaire 2 (p=0.039), 
6 (p=0.039), 7 (p=0.011), and mean ETDQ-7 (p=0.039) were 
significantly higher in the ETD group.

Discussion

In our cohort of patients with ear fullness with a normal 

Fig. 1. Correlation between middle ear pressure (MEP) and maxi-
mal difference in eustachian tube function test (ETFTMD). The hol-
low circles indicate each patient. The black line indicates correla-
tion slope.

Fig. 2. Receiver operating characteristic curve with Eustachian tube function test (ETFT) as a reference. A: ETFT <10 daPa as a refer-
ence. B: ETFT <15 daPa as a reference.

Table 2. Correlation between ETDQ-7 and ETFTMD

ETDQ-7 ETFTMD MEP Imp
ETDQ-7 r 1 - - -

p-value N/A - - -
ETFTMD r -0.032 1 - -

p-value  0.764 N/A - -
MEP r -0.177 0.358* 1 -

p-value  0.090 ＜0.001 N/A -
Imp r  0.074 0.162 0.156 1

p-value  0.484 0.122 0.136 N/A
r: correlation coefficient. *p-value ＜0.05. ETDQ-7, mean score 
of Eustachian Tube Dysfunction Questionnaire-7; ETFTMD, maxi-
mal difference in eustachian tube function test; MEP, middle 
ear pressure; Imp, middle ear peak impedance; N/A, not ap-
plicable
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drum, the ETDQ-7 and ETFT results did not show a significant 
correlation. Furthermore, when ETD was defined as ETFTMD 
<10 daPa, the sensitivity and specificity of ETDQ-7 were 
37.0% and 89.4%, respectively, with an AUC of 0.631. This 
is an unexpectedly poor outcome compared to the previous 
outcomes of ETDQ-7 in case-control studies. ETDQ-7 is re-
ported to have a sensitivity of 91%-100% and specificity of 
67%-100% [22-24,29]. However, these were case-control 
studies, and the case group was defined as those who had ETD 
symptoms and a tympanic membrane abnormality detected 
by an otoscope or an abnormal impedance audiometer. Con-
sequently, our result might underestimate the clinical value of 
ETDQ-7 because our cohort only included patients with nor-
mal drums. However, patients with ETD with normal tympa-
nometry and normal drum also exist, which can make the de-
cision to intervene difficult. Indeed, in a randomized controlled 
study by Meyer et al. [11], 51% of patients with ETD (mean 
ETDQ-7 >3.0) showed a normal tympanic membrane posi-
tion, and 71.3% had normal tympanometry. After eustachian 
tube balloon dilation, their symptoms dramatically improved 
regardless of tympanometry or the tympanic membrane posi-
tion [11]. This implies that clinicians might overlook a treat-
able patient if they consider only surgical candidates with ab-
normal tympanometry or drum.

To address this, several methods were suggested. Recently, 
the eustachian tube score (ETS-7), which showed 96% sensitiv-
ity and 97% specificity for distinguishing patients with chronic 
ETD, was reported [30]. ETS-7 is based on tubomanometry, 
swallowing click sound, and Valsalva test. Interestingly, this 
scoring system also showed a poor AUC in ROC analysis (0.64) 
when compared to ETDQ-7. In our result, ETFTMD <10 showed 
a significant AUC in ROC analysis (0.631). In addition, ETDQ-
7 does not correlate with ETFT or results of tympanometry. 

Taken together, the clinical value of ETDQ-7 appears unsatisfac-
tory if it is solely conducted. Although ETDQ-7 is still a good 
measurement for subjective ETD symptoms, an objective test 
should be co-conducted to narrow the diagnostic criteria.

The ETFT using commercial GSI TympStar Pro (Grason-
Stadler Inc.) is a simple tool to evaluate the eustachian tube 
during swallowing in patients with a normal drum. The man-
ufacturer’s guidelines indicate that the normal value of ETFTMD 
is >15 daPa. However, there is a lack of studies comparing this 
instrument with other test modalities such as sonotubometry 
and tubomanometry. Based on our results, ETFTMD showed a 
significant correlation with the middle ear pressure in tympa-
nometry. Given that negative middle ear pressure results from 
the gas exchange of capillary blood flow of middle ear muco-
sa when the ventilation is disrupted owing to ETD, significant 
negative correlation of ETFTMD and middle ear pressure (r= 
0.358, p<0.001) is plausible [31-33]. Based on our results, the 
ETFTMD cut-off value of 10 daPa better reflects the severity of 
symptoms in patients with ETD and normal drum.

This study has some limitations. First, the Korean version 
of ETDQ-7 has never been statistically validated. Second, all en-
rolled patients had ear fullness in at least one ear, thus a healthy 
control was substituted by an asymptomatic ear of patients. 
This may result in underestimation of the sensitivity and spec-
ificity of ETDQ-7. Third, other modalities for measuring eusta-
chian tube function, such as tubomanometry and ETS-7, were 
not conducted. ETFTMD alone may not be accurate enough to 
diagnose ETD.

In conclusion, based on our result that ETDQ-7 is not well 
correlated with ETFT, the results of ETDQ-7 may largely be af-
fected by subjective symptoms. Therefore, ETDQ-7 should be 
co-conducted with objective tests to evaluate eustachian tube 
function. In addition, ETFTMD <10 daPa can be used to objec-

Table 3. Analysis of ETDQ-7 results based on abnormal ETFT

ETFT ＜15 daPa as a reference ETFT ＜10 daPa as a reference
ETFT ＜15 ETFT ≥15 p-value ETFT ＜10 ETFT ≥10 p-value

Ears 36 57 27 66
ETDQ-7 3.0±1.4 2.6±1.1 0.170 3.2±1.4 2.6±1.0  0.039* 

Q1 4.1±2.0 3.7±1.8 0.333 4.2±2.0 3.7±1.8 0.185 
Q2 2.2±1.5 1.9±1.4 0.420 2.5±1.6 1.8±1.3  0.039* 
Q3 3.9±2.0 3.8±1.9 0.912 4.0±2.0 3.8±2.0 0.664 
Q4 2.4±1.8 2.5±1.8 0.862 2.7±1.9 2.3±1.8 0.353 
Q5 2.6±2.0 2.1±1.7 0.209 2.9±2.1 2.1±1.7 0.085 
Q6 3.2±2.0 2.5±1.8 0.086 3.4±2.2 2.5±1.7  0.039* 
Q7 2.4±1.7 1.8±1.2 0.053 2.7±1.8 1.7±1.1  0.011* 

MEP -19.3±39.0 -2.1±18.0  0.005* -22.0±42.9 -3.3±19.0  0.004* 
IMP 0.6±0.4 0.8±1.0 0.233 0.6±0.4 0.7±0.9 0.501 
Values are presented as mean± standard deviation unless otherwise indicated. *p-value＜0.05. ETDQ-7, mean score of Eusta-
chian Tube Dysfunction Questionnaire-7; ETFTMD, maximal difference in eustachian tube function test; MEP, middle ear pressure; 
Imp, middle ear peak impedance
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tively evaluate eustachian tube function.
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