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INTRODUCTION

The occurrence of an episode of barotrauma in an aircrew can compromise flight safety. The 
current practice dictates that such an aircrew be restricted from flying duties, the period of time 
being dependent on the severity of the barotrauma. This loss of operational aircrew, whether 
temporary or permanent, has strong economic implications in the face of escalating training and 
operating costs.

Routinely, otitic barotrauma is known to occur due to the failure of pressure equilibration of the 
middle ear in the background of the presence of an upper respiratory tract infection or allergic 
rhinitis. However, at several instances, it has been observed that otitic barotrauma can occur 
even in healthy individuals without any identifiable cause. Varying incidences of barotrauma 
ranging from 2% to 10% have been reported during decompression chamber runs conducted for 
screening and training of military aircrew and paratroopers.[1-5] A recent retrospective analysis 
has shown the incidence of barotrauma in asymptomatic paratroopers to be as high as 7.1%.[6] 
High incidences of barotrauma after flight have also been reported in civil aviation.[7,8] Reporting 
of such occurrences of barotrauma is not only limited to aviation but also has been largely 
reported during diving.[9]

Further, reflighting of military aircrew following recovery from ear, nose, and throat (ENT) 
disabilities involves exposure to changing pressure attitudes in a decompression chamber (ear 
clearance run) as a test to check the functionality of pressure-equalizing mechanism. The aircrew 

ABSTRACT
Barotrauma is one of the most common medical problems associated with aviation and has been a causal factor 
for significant loss of trained aircrew hours. The occurrence of barotrauma has been reported not only in flight 
but also during simulated exposures to changing pressures as a part of aeromedical evaluation and training. 
This occurrence is despite the screening of individuals by otoscopy and tympanometry before exposure to 
barometric changes. In such cases, baro-challenge-induced eustachian tube (ET) dysfunction has been identified 
as the most probable cause, leading to decreased ability to equalize pressures across the middle ear. This paper 
describes a paradigm approach to the prediction of baro-challenge-induced ET dysfunction using the nine-step 
test and ET dysfunction questionnaire. The inclusion of the test as a screening tool before exposure of aircrew to 
baro-challenge after recovery from their ear, nose, and throat ailments is recommended to prevent occurrence/
reoccurrence of barotrauma.

Keywords: Eustachian tube dysfunction, Baro-challenge, Prediction of barotrauma

is is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others 
to remix, tweak, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
©2019 Published by Scientific Scholar on behalf of Indian Journal of Aerospace Medicine

indjaerospacemed.com

Indian Journal of Aerospace Medicine

 *Corresponding author: 
Dr V Raghunandan, 
(MBBS, MD), 
Specialist in Aerospace 
Medicine (IAF), Department 
of Human Engineering, IAM, 
Bangalore, India.

raghu.avmed@gmail.com

Received	 :	 12 July 19 
Accepted	 :	 31 October 19 
Published	:	 07 November 19

DOI: 10.25259/IJASM_2019_9

Quick Response Code:



Predicting barotrauma - Raghunandan and Mohapatra

Indian Journal of Aerospace Medicine • Summer 2019 Volume 63 Number 1� 45

is exposed to such baro-challenge only after thorough clinical 
evaluation by otoscopy and tympanometry. However, otitic 
barotrauma has been found to occur in several aircrew during 
decompression runs even after symptomatic recovery and 
screening by otoscopy and tympanometry. This poses a risk 
of iatrogenic barotrauma in an aircrew who has recovered 
from an ENT illness and a challenge on predictability of 
barotrauma by routine clinical tests. These considerations 
expose a need to develop a simple test that will identify those 
individuals in whom otitic barotrauma is likely to occur.

The approach

The occurrence of otitic barotrauma in an otherwise 
healthy individual has been attributed to eustachian tube 
(ET) dysfunction.[1-5] Hence, an approach to predict ET 
dysfunction would essentially support the prediction of 
barotrauma. Literature review revealed a recent consensus 
on ET dysfunction[10] which classifies ET dysfunction into 
three subtypes, namely, dilatory ET dysfunction, patulous 
ET dysfunction, and baro-challenge-induced ET dysfunction 
[Figure 1].

Dilatory ET dysfunction is often preceded by an upper 
respiratory tract infection, or sometimes by an exacerbation 
of allergic rhinitis, which presumably causes inflammation in 
the ET orifice or lumen, leading to its dysfunction. Patulous 
ET dysfunction presents with symptoms of aural fullness and 
autophony and is thought to be caused by an abnormally 
patent ET.[10] On the other hand, baro-challenge-induced ET 
dysfunction is defined as the presence of aural discomfort, 
popping, or pain, which only arises in case of ambient 
pressure changes, without abnormalities on otoscopy or 
tympanometry,[10] which is typical for occurrences explained 
above. In literature, this type of ET dysfunction has been 
described as a cause of barotrauma not only during scuba 
diving or on descent from altitude but also under conditions 
of less marked ambient pressure fluctuation.

A paradigm approach towards predicting barotrauma

Several tests exist to test for pressure regulation function 
of ET.[11,12] Simple, non-invasive tests include Valsalva, 
Politzer, and Toynbee tests and ET catheterization, 
however, have been described to have poor sensitivity 
and specificity in diagnosis of ET dysfunction.[11,12] ET 
function in individuals with intact tympanic membranes 
may be determined by manometry, tympanometry, or 
sonotubometry, which also have been shown to have 
poor predicting probability of an ET dysfunction during 
baro-challenge. This makes the diagnosis or detection of 
baro-challenge-induced ET dysfunction challenging with 
present routine tests.

Tailor et al. reviewed 16 studies involving seven different 
types of ET function tests.[13] The tests in the included studies 
were required to measure ET function in patients reporting 
baro-induced ear symptoms or barotrauma. In their review, 
they found that the Bluestone’s nine-step test was the 
most commonly used outcome measure, with overall test 
sensitivity and specificity ranges of 37–100% and 57–100%, 
respectively. Tympanometry test sensitivity was consistently 
poor (0–50%) though specificity was higher (52–97%). 
Although they recommended that no single test could 
diagnose baro-induced ET dysfunction which could used 
in clinical practice, they suggested that a combination of the 
nine-step test with other objective tests or patient-reported 
measures as most promising in the diagnosis of baro-induced 
ET dysfunction.

The nine-step test was used by Hussein and Abousetta[14] to 
predict ear barotrauma in aviators and found the test provides 
a reliable prediction of barotrauma with 89% sensitivity and 
100% specificity. Uzun et al.[9] studied use of nine-step test 
in prediction of middle ear barotrauma in scuba divers and 
found the test to be the most efficient with highest predictive 
values (positive predictive value 83% and negative predictive 

Figure 1: Eustachian tube dysfunction subtypes with signs and symptoms.
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value of 95%), whereas the Valsalva and Toynbee tests were 
unreliable in predicting barotrauma (PPV of the Valsalva and 
Toynbee tests was 0% and 25%, respectively). In a systematic 
review of tests for ET function conducted by Smith and 
Tysome[11] and Doyle et al.,[12] it has been observed that the 
nine-step test and the 7-item ET dysfunction questionnaire 
(ETDQ-7) have highest sensitivity and specificity in 
detection of ET dysfunction. The summary of nine-step 
test is presented in Table 1 and schematic representation of 
Bluestone’s nine-step test is presented in Figure 2.

In 2012, McCoul et al. published a questionnaire for the 
evaluation of ET dysfunction named ETDQ-7 [Table 2].[15] The 
questionnaire was validated with high sensitivity and specificity 
of >95%. Although the questionnaire was primarily used to 
discriminate between patients with obstructive type of ET 
dysfunction and controls, Van Roeyen et al.[16] demonstrated 
that ETDQ-7 provides excellent discrimination between 
patients with baro-challenge-induced ET dysfunction and 
healthy controls. Therefore, ETDQ-7 can be useful in the 
diagnostic process of baro-challenge-induced ET dysfunction.

Recommendation

At present, the aircrew and paratroopers are screened for 
ET dysfunction by otoscopy and tympanometry before 

Table 1: Summary of bluestone nine‑step test.

• �The tympanogram records resting middle‑ear pressure
• �Ear canal pressure is increased to+200 mm H2O with medial

deflection of the tympanic membrane and a corresponding
increase in middle‑ear pressure. The subject swallows to
equilibrate middle‑ear overpressure

• �While the subject refrains from swallowing, ear canal pressure
is returned to normal, thus establishing a slight negative
middle‑ear pressure (as the tympanic membrane moves
outward). The tympanogram documents the established
middle‑ear under pressure

• �The subject swallows in an attempt to equilibrate negative
middle‑ear pressure. If equilibration is successful, airflow is
from the nasopharynx to the middle ear

• The tympanogram records the extent of equilibration
• �Ear canal pressure is decreased to−200 mm H2O, causing

a lateral deflection of the tympanic membrane and a
corresponding decrease in middle‑ear pressure. The subject
swallows to equilibrate negative middle‑ear pressure; airflow is
from the nasopharynx to the middle ear

• �The subject refrains from swallowing while external ear canal 
pressure is returned to normal, thus establishing a slight positive 
pressure in the middle ear as the tympanic membrane moves 
medially. The tympanogram records the overpressure established

• �The subject swallows to reduce overpressure. If equilibration is
successful, airflow is from the middle ear to the nasopharynx

Figure 2: Schematic representation of Bluestone’s nine-step test.
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exposure to decompression runs. Literature review has 
shown that Bluestone’s nine-step test and the ETDQ-
7 questionnaire to have high negative predictive value 
(>95% specificity). Hence, the nine-step test and ETDQ-7 
questionnaire are recommended as additional screening 
tests to screen for baro-challenge-induced ET dysfunction. 
The tests may be included for the evaluation of aircrew 
reporting for review after the resolution of otitic barotrauma 
or after ENT procedures before exposure to baro-challenge 
in the decompression chamber. With its high negative 
predictive value, the ETDQ-7 questionnaire, which can be 
easily administered, may also be used in the field by the 
authorized medical attendant for assessing presence of any 
possible baro-challenge-induced eustachian dysfunction in 
aircrew whenever required.

CONCLUSION

The ET function is generally regarded as acceptable if hearing, 
otoscopic findings, and tympanometry are normal and there 
is no history of ear disease. However, baro-challenge-induced 
ET dysfunction can occur with normal ENT findings on 
ground and manifest even under conditions of less marked 
ambient pressure fluctuation. Bluestone’s nine-step test 
and ETDQ-7 questionnaire have high negative predictive 
value and are recommended for assessing and screening 
for baro-challenge-induced ET dysfunction in aircrew and 
paratroopers.
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