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Abstract

Objective: To perform a systematic review to determine if a total score of ≥14.5

(mean score ≥ 2.1) on the ETDQ-7 accurately identifies patients with obstructive

Eustachian tube dysfunction (OETD) on impedance tympanometry (peak compliance

<0.2 mL or middle ear pressure of �100 daPa) or other objective measures of OETD.

Methods: A systematic review without a meta-analysis was performed of studies in

four electronic databases (Pubmed, Embase, Web of Science, and Scopus) that used

the ETDQ-7 and at least one objective measure of OETD.

Results: Six-hundred and fifty-two studies were identified in the initial literature sea-

rch. Abstracts from 337 studies were screened, followed by full-text review of

61 studies, and qualitative synthesis of 12 studies. Tympanometry was used as an

objective measure in ten studies. Eight of the 12 included studies had patient cohort

selection bias. Eight studies administered the ETDQ-7 in cohorts of patients with or

without OETD, already confirmed on tympanometry, and found a sensitivity of 91%-

100% and specificity of 67%-100%. Four studies administered the ETDQ-7 to

patients who had not previously undergone objective testing and found a sensitivity

of 49%-80% and specificity of 24%-78%.

Conclusions: The ETDQ-7 is an important patient-reported outcome measure. How-

ever, based upon existing literature, the ETDQ-7 appears limited as a diagnostic tool

for OETD or as an objective measure of Eustachian tube function.

K E YWORD S
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1 | INTRODUCTION

The Eustachian tube connects the middle ear to the nasopharynx and

is important for the maintenance of middle ear health. Proper function

of the Eustachian tube allows for pressure equalization and ventilation

of the middle ear, mucociliary clearance of secretions from the middle

ear, and protection of the middle ear from sounds and pathogens from

the nasopharynx.1 Patients with obstructive Eustachian tube
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dysfunction (OETD) experience symptoms such as ear pain, fullness,

pressure, or hearing difficulty and have evidence of abnormal

Eustachian tube function on otoscopy or tympanometry.2 Eustachian

tube dysfunction includes three distinct clinical subtypes (obstructive,

patulous, baro-challenge induced) and may affect as many as 11 million

Americans.3

The Eustachian Tube Dysfunction Questionnaire (ETDQ-7) is a

seven-question survey that was developed in 2012 as a patient-

reported outcome measure to assess the severity of Eustachian tube

dysfunction (ETD) symptoms and measure treatment response.4 Since

its development, the ETDQ-7 has been translated into at least nine

languages5-12 and used extensively in the assessment of clinical

response to balloon dilation of the Eustachian tube (BDET).13 ETDQ-7

scores improve with BDET13 and may also improve following sinus

surgery.14,15 However, the degree to which patient symptoms and

ETDQ-7 scores predict objective measures of Eustachian tube func-

tion, such as tympanometry, remains unknown.

When developed by McCoul et al,4 ETDQ-7 was administered to a

group of 50 patients with OETD confirmed by the presence of symp-

toms for longer than 1 month and abnormal impedance audiometry, and

was compared to asymptomatic controls with normal tympanograms.

Among this cohort of patients, a total ETDQ-7 score of ≥14.5 had 100%

sensitivity and 100% specificity for predicting OETD. Similarly designed

studies used to validate translated5,6,8-12 versions of ETDQ-7 have

found the ETDQ-7 to have a sensitivity and specificity of >90%, often

approaching 100%. However, a recent study by Teixeira et al16 found

that a total score of ≥14.5 on the ETDQ-7 had a sensitivity and specific-

ity of 54% and 78%, respectively, for predicting OETD identified by

pressure chamber and inflation-deflation testing. Additional studies have

similarly called into question the sensitivity and specificity of the ETDQ-

717-19 and studies of BDET have shown large numbers of patients with

abnormal ETDQ-7 scores, but normal tympanograms.20-23 There is a

lack of a consensus regarding the ability of ETDQ-7 to predict OETD

and the degree to which ETDQ-7 could substitute for objective mea-

sures of ET function and the diagnosis of OETD.

The primary aim of this systematic review was to determine if a

total score of ≥14.5 (mean score ≥ 2.1) on the ETDQ-7 accurately

identifies patients with OETD on impedance tympanometry (peak

compliance <0.2 mL or middle ear pressure of �100 daPa) among a

cohort of patients presenting with possible OETD. Other objective

measures of OETD were considered when available.

2 | METHODS

2.1 | Search strategy

A systematic review was performed using four electronic databases

(Pubmed, Embase, Web of Science, and Scopus) for articles published

before 31 July 2020 in English language publications. Search terms

included “Eustachian Tube Dysfunction Questionnaire,” “Eustachian
Tube Dysfunction Questionnaire-7,” “ETDQ-7,” and “(Eustachian
tube dysfunction OR Eustachian tube balloon dilation OR Eustachian

tube disorder) AND (questionnaire OR survey OR tool)” (Table S1). A

university informationist (SMS) oversaw the literature search and

Covidence systematic review software24 was used for reference man-

agement. The following PICO model was utilized:

• Patient: individuals presenting to an otolaryngology office with

otologic symptoms.

• Intervention: ETDQ-7 total score of ≥14.5 (mean item score ≥2.1).

• Comparison: abnormal impedance tympanometry (peak compliance

<0.2 mL or middle ear pressure of �100 daPa) or other objective

measures (when tympanometry is not used).

• Outcome: sensitivity and specificity of a total ETDQ-7 score of

≥14.5 (mean item score ≥2.1) for detecting abnormal impedance

tympanometry or other objective measures.

This study was conducted in accordance with PRISMA guidelines

and a PRISMA checklist was completed.25 The Cochrane Risk of Bias

assessment tool was used to evaluate all studies with a reported sen-

sitivity and specificity.26

2.2 | Inclusion criteria

Following the removal of duplicate references, one author (Nicholas

S. Andresen) assessed studies for eligibility. The abstracts of all stud-

ies were reviewed and those that met inclusion criteria underwent

full-text review. Studies were included for full-text review if they

included adult participants greater than 18 years old, were published

in full-text format in English, and included both ETDQ-7 scores and

objective measures of middle ear function. Observational and inter-

ventional studies with a cross-sectional, case-control, cohort, or ran-

domized design were included. Measures of middle ear function

sufficient for study inclusion were otoscopy, tympanometry, audiom-

etry, and Valsalva maneuver, as well research-based measurements

such as the pressure-chamber test and inflation test. When multiple

objective measures Eustachian tube function were used,

tympanometry was used as the primary measure of middle ear func-

tion, with a type B tympanogram defined as compliance of less than

TABLE 1 Characteristics of included studies (n = 12)

Study design
Cross-sectional 12

Objective measures of ETD

Tympanometry 10

Otoscopy 8

Valsalva maneuver 8

Tubomanometry 4

Pressure chamber test 1

Inflation-deflation test 1

Sonotubometry 1

Toynbee maneuver 1
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0.2 mL and type C defined as middle ear pressure of less than

�100 daPa.27 In order to be consistent with the ETDQ-7 scores in

the cohort reported by McCoul et al,4 mean item scores were used

instead of total ETDQ-7 scores for cross-study comparisons. If mean

item scores were not reported by the authors, single-item ETDQ-7

scores were averaged. In studies, where the ETDQ-7 was adminis-

tered multiple times, the scores from the first administration of the

survey were used for analysis. Given the limited number and

F IGURE 1 PRISMA diagram of search
strategy

F IGURE 2 Risk of bias assessment for all studies reporting a sensitivity and specificity. “+” indicates high risk of bias; “�” indicates low risk
of bias; “?” indicates unclear risk of bias
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heterogeneous nature of the studies reviewed, a meta-analysis was

not performed.

3 | RESULTS

Six-hundred and fifty-three references were identified in the initial lit-

erature search, from which 316 duplicate references were removed.

The title and abstract of the remaining 337 studies were reviewed for

use of the ETDQ-7 and at least one objective measure of Eustachian

tube function. Two-hundred and seventy-six were excluded, leaving

61 studies that underwent full-text review. Forty-nine studies were

excluded after full text review. Twenty-six studies were excluded

because they did not allow for a determination of the sensitivity or

specificity of the ETDQ-7, 15 for using the wrong outcome measure

(ie, no objective measure of OETD), six for not being available in full-

text format in English, one for wrong study design (meta-analysis), and

one for being available only as an abstract (conference preceding).

Twelve studies that included use of the ETDQ-7 and at least one

objective measure of Eustachian tube function were included in this

review. The review process is summarized in Figure 1. All 12 of the

included studies were cross-sectional (Table 1). Tympanometry was

used as an objective measure of ET function in 10 studies and other

methods consisted of otoscopy, Valsalva maneuver, tubomanometry,

pressure chamber testing, inflation-deflation testing, sonotubometry,

and the Toynbee maneuver (Table 1). Eight studies showed selection

bias on risk of bias assessment (Figure 2).

Studies that administered the ETDQ-7 to individuals with or with-

out OETD, as determined by the presence or absence of symptoms

and tympanometry prior to administration of the survey, showed

ETDQ-7 scores of ≥14.5 (mean score ≥ 2.1) to be highly sensitive and

specific for OETD. Eight studies designed in this manner were identi-

fied, including the first description of the ETDQ-7 by McCoul et al,4

as well as studies aiming to validate the ETDQ-7 in Brazilian

Portuguese,9 Chinese,11 Danish,12 Dutch,10 European Portuguese,6

Hebrew,8 and Turkish.5 Within these studies, all control patients were

asymptomatic with normal tympanometry and all OETD patients

were symptomatic with abnormal tympanometry. Among these stud-

ies, the ETDQ-7 was found to have a sensitivity of 91%-100% and

specificity of 67%-100% using an overall score cut-off of ≥14.5

(Table 2).

Studies that have administered the ETDQ-7 to individuals who

have not already undergone objective testing for OETD have found

much lower rates of sensitivity and specificity (Table 3). In contrast to

the studies above, Herrera et al17 tested a Spanish version of ETDQ-7

among patients who had not undergone tympanometry or objective

testing for OETD, and found a much lower sensitivity and specificity.

In their study, Herrera et al17 administered ETDQ-7 to 75 individuals

with symptoms of OETD and 50 asymptomatic controls, none of

which had previously undergone tympanometry or other testing prior

to completing the ETDQ-7. All subjects then underwent

tympanometry and receiver operating curve analysis was performed,

which showed an optimal cut-off for the Spanish version of the T
A
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ETDQ-7 was 17.5 (AUC 0.59), where the sensitivity and specificity of

the survey were 49% and 67%, respectively. Smith et al19 assessed

the predictive value of ETDQ-7 among a cohort of 116 patients, 57 of

which had OETD diagnosed by expert panel consensus, and deter-

mined a sensitivity of 80% and specificity of 24%. Teixeira et al16 con-

ducted a cross-sectional study of 30 patients with symptoms of ETD

for >1 month or a history of chronic or recurrent otitis media and

25 controls. Participants underwent pressure chamber testing or

inflation-deflation testing following completion of the ETDQ-7.

ETDQ-7 scores ≥14.5 were 70% sensitive and 100% specific for

group assignment, but only 54% sensitive and 78% specific for ETD

measured on objective testing of ET function. Vandersteen et al18

conducted a prospective study, administering the ETDQ-7 to patients

with chronic rhinosinusitis (CRS) and conducting several tests of ET

function on those with mean ETDQ-7 scores ≥14.5. Of the 64 patients

with a score ≥14.5, 64% had ETD on tubomanometry. Furthermore,

there was little overlap between those participants with an ETDQ-7

score ≥14.5 and those with type B or C tympanograms, as 47% of the

patients with CRS had a ETDQ-7 score ≥14.5, but only 19% had a

type B or type C tympanogram.

4 | DISCUSSION

The ETDQ-7 has become widely used to assess patient symptoms

related to OETD and to evaluate the efficacy of BDET.13 The degree

to which ETDQ-7 scores can predict OETD on tympanometry or

other objective measures of Eustachian tube function remains unclear.

This systematic review provides a comprehensive assessment of the

literature to assess the ability of ETDQ-7 scores to predict objective

measures of ETD. Thirty-eight studies were identified that used

ETDQ-7 scores with at least one objective measure of Eustachian

tube function. Twelve studies reported sensitivity and specificities for

the ability of ETDQ-7 scores to predict OETD, of which eight studies

demonstrated significant patient cohort selection bias (Figure 2).

Among the four studies that did not have patient cohort selection

bias, ETDQ-7 scores ≥14.5 were 49%-80% sensitive and 24%-78%

specific for predicting OETD based upon objective measures

(Table 3). Due to significant heterogeneity among the studies identi-

fied, the authors did not feel it was appropriate to perform a meta-

analysis and synthesis of data. Despite this, the authors accomplished

the study objective of providing an estimate of the sensitivity and

specificity of ETDQ-7 for predicting OETD from the best available

evidence.

McCoul et al4 first validated the ETDQ-7 among a cohort of

patients diagnosed with or without ETD on the basis of symptoms

and tympanometry. The ETDQ-7 had both a sensitivity and specificity

of 100% when using a total score cut-off of ≥14.5 among this cohort.

Eight studies that were designed in a nearly identical manner, in order

to validate the ETDQ-7 in different languages, have similarly shown a

sensitivity and specificity of 91%-100% and 67%-100%, respec-

tively.5,8-12,28 However, studies that have administered the ETDQ-7

to cohorts of symptomatic patients who have not previously under-

gone tympanometry or other objective testing have found much lower

rates of sensitivity (49%-80%) and specificity of (24%-78%).16-18 Simi-

larly, multiple studies using the ETDQ-7 to assess the efficacy of

BDET have shown significant discordance between ETDQ-7 scores

and tympanometry.15,20-23 When designing a study of diagnostic

accuracy (determining test sensitivity and specificity), the test should

be administered to a large population of individuals that are the same

as that in which the test is intended to be used. Guidelines have been

established for designing studies to determine the diagnostic accuracy

of a test.29 Knowledge of the diagnosis before administering the test

can skew the results in favor of higher sensitivity, known as diagnostic

review bias.30 Furthermore, the demographics of the two groups used

may differ in important ways that make generalizability impossible.

These differences in study methodology should be carefully assessed

when considering the utility of the ETDQ-7.

The study design used by McCoul et al4 and authors in subse-

quent similar studies to validate the ETDQ-7 by administering it to

TABLE 3 Summary of studies validating the ETDQ-7 among cohorts of patients that have not already undergone objective testing for
Eustachian tube dysfunction prior to administration of the questionnaire

References
Objective measure of
Eustachian tube function used

Number of
participants

Total

ETDQ-7
score ≥ 14.5

ETD on objective
testing (by ear) AUC Sensitivity Specificity

Smith et al19 Expert panel consensus with

tympanometry

119 (57 with

OETD)

71%

(82/116)

N/A 0.59 80% 24%

Teixeira

et al16
Pressure Chamber test or

Inflation-Deflation test

55 (30 with ETD

symptoms)

38% (21/55) 41% (45/110) 0.68 54% 78%

Herrera

et al17
Tympanogram (Valsalva and

tubomanometry also performed)

125 (75 with

ETD

symptoms)

N/A N/A 0.59 49% 67%

Vandersteen

et al18
Tubomanometry 129 47%

(61/129)

50% (61/122, only

patients with

ETDQ-7 ≥ 14.5

tested)

N/A N/A N/A

Abbreviations: ETD, Eustachian tube dysfunction; ETDQ-7, Eustachian Tube Dysfunction Questionnaire-7; AUC, area under the curve.
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cohorts of patients who have already undergone tympanometry limits

their ability to assess the predictive power of the ETDQ-7. A diagnosis

of OETD requires both patient reported symptoms (ear pain, fullness,

pressure, etc.) for >1 month and evidence of OETD on otoscopy or

tympanometry. Consequently, there are individuals who would not

receive a diagnosis of ETD that either have symptoms but normal

(type A) tympanometry or who have abnormal tympanometry (type B

or type C) but are asymptomatic. When individuals in the control

group are confirmed to both be asymptomatic and have normal

tympanometry, a significant number of patients without ETD are

excluded. The question of most interest to clinicians, and the focus of

this review, is whether patients presenting with symptoms of ETD

and a total score of ≥14.5 can be predicted to have evidence of

ETD on tympanometry or other objective measures. Under these con-

ditions, the ETDQ-7 performs much worse and demonstrates limited

predictive value.

Studies that use the ETDQ-7 as a clinical assessment tool for treat-

ment response for OETD further demonstrate its limitations as a diag-

nostic instrument. In our literature review, we identified 19 studies that

used ETDQ-7 and tympanometry to assess for response to treatment

for ETD, 14 of which assessed responses to BDET (Table S2). Five of

these studies had cohorts with mean baseline ETDQ-7 scores ≥2.1 and

70% or more of patients with type A tympanograms.15,20-23 Twelve of

these studies reported both improvements in ETDQ-7 score and an

increased proportion of type A tympanograms after BDET.15,20,21,31-39

However, ETDQ-7 scores were not consistently associated with

improved tympanometry following BDET. While the sensitivity and

specificity of the ETDQ-7 cannot be inferred from these studies, the

frequent discordance between ETDQ-7 scores and tympanometry is

notable, and suggest they may measure different constructs.

This discordance between ETDQ-7 scores and objective mea-

sures of OETD highlights the complexity of diagnosis for OETD.

Symptoms such as ear pain, fullness, and popping may present with a

number of conditions such as migraine,40 superior semicircular canal

dehiscence, Meniere's disease, temporomandibular disorders (TMJ),41

sinus disease, sore throat, or dental pain that may be unrelated to

Eustachian tube function. McCoul et al suggested that the presence

of normal tympanometry with positive ETDQ-7 scores may be due to

insensitivity of the currently accepted interpretation standards for

tympanometry.42 It is an important point that objective measures of

Eustachian tube function such as otoscopy, tympanometry, or

tubomanometry are imperfect measures. However, given the number

of conditions that may cause the relatively nonspecific symptoms of

OETD and how hard it can be to exclude certain conditions, such as

TMJ, objective measures of OETD such as tympanometry will always

remain critical for accurate diagnosis.

There are several limitations of this review. There was significant

selection bias in eight of the 12 included studies (Figure 2). Several

studies used experimental or research-based clinical assessment tools

(eg, tubomanometry, pressure chamber testing) rather than

tympanometry, making it difficult to compare results across studies.

The use of tympanometry as a clinical endpoint is also subject to limi-

tations. Tympanometry testing uses variable pressure conditions with

the ear canal and a sound emitted by the tympanometer that vibrates

the tympanic membrane. The tympanometer then measures the

sound returned to the tympanometer to infer the compliance of

the tympanic membrane and pressure within the middle ear. Conse-

quently, tympanometry is an indirect rather than direct measure of

Eustachian tube function. This measurement occurs at one point in

time while the ETDQ-7 inquires about symptoms within the past

month without specifying laterality. Based upon these differences,

some degree of discordance between ETDQ-7 scores and

tympanometry would be expected in individuals who have fluctuating

Eustachian tube function.

Despite its limitations, the ETDQ-7 remains an important clinical

assessment tool as a patient-reported measure related to ETD and

response to treatment. The ETDQ-7 has proven a valuable method of

objectively quantifying improvement in ETD-related symptoms fol-

lowing BDET.13 Future studies may allow us to more definitely state

the predictive power of the ETDQ-7 in identifying individuals with

ETD. The overwhelming majority of the presently reviewed literature

on ETDQ-7, particularly studies that assess response to BDET, only

report ETDQ-7 scores and tympanometry or other measures of

Eustachian tube function for entire cohorts of patients. Understanding

ETDQ-7 scores and tympanometry for a large cohort of individual

patients presenting to an otolaryngology clinic would allow for a more

robust assessment of the predictive power of ETDQ-7. However,

based upon the currently available evidence, it is unlikely that future

studies would support the use of EDTQ-7 scores as a substitute for

tympanometry or other objective measures in diagnosing ETD.43-47

5 | CONCLUSION

The ETDQ-7 is a valuable patient-reported measure of OETD symp-

toms and important in assessing interventions for OETD. However,

based upon the available literature, the ETDQ-7 appears limited as a

diagnostic tool for OETD or as an objective measure of Eustachian

tube function. Larger trials with ETDQ-7 measures collected prior to

objective Eustachian tube function testing are needed to better

understand the role ETDQ-7 should play in the assessment and man-

agement of patients presenting with suspected OETD.
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SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.
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