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D iving is an increasingly popular leisure activity, with a total
of 3.1 million Americans having dived at least once in 2013
according to the Scuba Diving Participation Report

2014.1 Ear, nose, and throat disorders are the main issues that div-
ers encounter, with previous reports of 80% of adults2 and 85%
of juvenile divers (aged 6-17 years) having had an ear, nose, or
throat complaint related to diving.3

The principles underpinning these disorders relate to 2 well-
known gas laws: Boyle’s law (Figure 1) and Henry’s law (Figure 2).
Boyle’s law states that at a given temperature the volume of a gas is
inversely proportional to its pressure. During the first 10 m of de-
scent, the volume of gas in gas-containing spaces in the body is re-
duced by 50%. To prevent pressure-induced trauma, this negative
pressure needs to be equilibrated via the eustachian tube and sinus os-
tia. Henry’s law states that at a given temperature the amount of gas
that dissolves in a liquid with which it is in contact is proportional to
the partial pressure of that gas. In diving, compressed air is used as a
breathing gas under hyperbaric conditions with a percentage of nitro-
gen near 80%. During ascent, this inert gas is required to be trans-
ported from the tissues into the lungs for expulsion. If the rate of as-

cent is not controlled, the decrease in ambient pressure is too great
to keep the gas in solution, resulting in microscopic bubble formation
in tissues or blood. This can cause both mechanical damage and an-
oxia, leading to cell injury and subsequent decompression illness. Due
to the metabolic activity of oxygen and carbon dioxide, their contri-
bution to this gas phase is minimal.

The following sections provide an overview of otorhinolaryn-
gological problems and complications during diving and are pre-
sented by anatomical location.

Otological Diseases of Diving
and Related Conditions
Conditions of the External Ear
Otitis Externa
Otitis externa has been experienced by 44% of experienced divers dur-
ing their diving history.4 Retained moisture and introduction of micro-
organisms, as well as washing away of the protective acid mantle, have
been implicated in diving-related otitis externa.5

IMPORTANCE Scuba diving is becoming increasingly popular. However, scuba diving is associated
with specific risks; 80% of adults and 85% of juvenile divers (aged 6-17 years) have been reputed
to have an ear, nose, or throat complaint related to diving at some point during their diving career.
Divers frequently seek advice from primary care physicians, diving physicians, and otorhinolaryn-
gologists, not only in the acute setting, but also related to the long-term effects of diving.

OBSERVATIONS The principles underpinning diving-related injuries that may present to the
otorhinolaryngologist rely on gas volume and gas saturation laws, and the prevention of these
injuries requires both that the diver is skilled and that their anatomy allows for pressure
equalization between the various anatomical compartments. The overlapping symptoms of
middle ear barotrauma, inner ear barotrauma, and inner ear decompression sickness can
cause a diagnostic conundrum, and a thorough history of both the diver’s symptoms and the
dive itself are required to elucidate the diagnosis. Correct diagnosis and appropriate
treatment result in a more timely return to safe diving.

CONCLUSIONS AND RELEVANCE The aim of this review is to provide a comprehensive
overview of otorhinolaryngological complications during diving. With the increasing
popularity of diving and the frequency of ear, nose, or throat–related injuries, it could be
expected that these injuries will become more common and this review provides a resource
for otorhinolaryngologists to diagnose and treat these conditions.
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The best form of prevention is to avoid aquatic environments,
but this is generally an impractical solution for divers. Those divers
with untreated external auditory canal eczema should avoid diving
until this is treated. Acetic acid, 2%, eardrops have been shown to
reduce the growth of pathological gram-negative bacteria and pro-
mote normal ear flora.6,7 A commercial preparation consisting of ace-
tic acid and aluminum acetate is also effective.

Exostosis of the External Ear
Exostoses are benign bony growths, which occur in response to vari-
ous irritants. It has been postulated that repeated and prolonged ex-
posure to particularly cold water causes localized bone formation.8

They can result in a narrowing of the ear canal, which predisposes
the diver to debris and water trapping, resulting in transient hear-
ing loss or otitis externa. Rarely, they can cause complete occlusion
of the canal and as such rarely require treatment.

Cerumen
Cerumen can cause significant difficulty to divers. The cerumen in
the ear canal can swell following immersion, causing ear pain. It can
also result in water and debris trapping, predisposing to otitis ex-
terna or transient hearing loss. Cerumen occluding the canal or tight-

fitting hoods can predispose to external ear barotrauma.9 With regu-
lar aural care in affected individuals, this rarely causes problems in
divers.

Conditions of the Middle Ear
Middle Ear Barotrauma (MEB)

Compression Barotrauma (MEB on Descent) | Compression baro-
trauma is the most common medical problem in diving.10-12 Other-
wise known as “middle ear squeeze,” it occurs during descent as the
ambient water pressure exceeds the middle ear air pressure
(Figure 3). This causes the tympanic membrane (TM) to deform in-
ward. During the first 10 m of descent, the volume of gas in the middle
ear is reduced by 50%. To prevent pressure-induced trauma, this
negative pressure needs to be equilibrated via eustachian tube op-
ening to allow pressurized air from the scuba tank in the mouth ac-
cess to the middle ear.13 Inability to open the eustachian tube or too
rapid a descent prevents pressure equalization and the TM bows into
the middle ear with subsequent pain, vascular congestion, hemor-
rhage, and ultimately perforation.14

It is characterized by pain, usually on descent, conductive hear-
ing loss, and otoscopic middle ear or TM barotrauma findings. Rup-
ture of the TM results in cold water rushing into the middle ear, caus-
ing a cold caloric stimulus of the vestibular system. Symptoms of
vertigo, nausea, and vomiting may occur, which can be fatal under-
water. The degree of injury in MEB can be staged according to the
Teed classification (Figure 4).15

The majority of cases will resolve on their own accord if the ear
is not exposed to further barotrauma. Nasal decongestants such as
oxymetazoline hydrochloride, a course of intranasal steroids, and
nonsteroidal anti-inflammatory drugs may prove beneficial. The pa-
tient should not dive again until the hearing, eustachian tube func-
tion, and otoscopic findings have normalized.16

In grade 5 barotrauma, the TM has ruptured, allowing water into
the middle ear, potentially resulting in infection. In the majority of
cases, the TM does not require repair,12 with most healing
spontaneously.17 Diving should not be resumed until the mem-
brane has healed.

A variety of maneuvers for middle ear pressure equalization are
used by divers, for example, the Valsalva maneuver, Toynbee ma-
neuver, and Frenzel maneuver.18 The position of the head when div-
ing can aggravate equalization issues. A “head first” technique can
induce higher nasopharyngeal pressures making equalization more
difficult, whereas a “feet first” technique reduces this pressure.
Middle ear ventilation should be started at the surface with maneu-
vers being performed 3 times per meter until a depth of 5 m is
reached. A diver who has difficulty with pressure equalization should
ascend, attempt an additional maneuver, and descend at a slower
pace. If the repeated Valsalva maneuver on ascending is unsuccess-
ful, the dive should be aborted.12

Goplen et al14 observed a cohort of 53 patients for a period of
6 years. Their study found that MEB had no long-term effect on
hearing loss. Additional studies have confirmed this good progno-
sis; however, repeated barotrauma may cause permanent hearing
loss.19

Decompression Barotrauma (MEB on Ascent) | Decompression
barotrauma occurs on ascent (“reverse squeeze”) and is less com-

Figure 1. Boyle’s Law
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Boyle’s law states that at a given temperature the volume of a gas is inversely
proportional to its pressure.

Figure 2. Henry’s Law
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Henry’s law states that at a given temperature the amount of gas that dissolves
in a liquid with which it is in contact is proportional to the partial pressure of
that gas.
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monly observed because airflow through the eustachian tube is
less impeded during air egress. Pressure from expanding middle
ear air then exceeds the surrounding water pressure, causing the

TM to bulge outward. Causes for this include use of short-acting
decongestants, which wear off while the diver is submerged.9,13

Ear pain during ascent is the predominant feature of this disorder.

Figure 3. Middle Ear and Inner Ear Barotrauma: Schematic of Sequence of Events During Descent and Ascent
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A, At sea level, pressures are equal. B- D, During descent the ambient water
pressure increases. There is a need to equalize the middle ear pressure, for
example, via a Valsalva maneuver. D, If the eustachian tube (ET) is patent and
the diver successfully performs, for example, the Valsalva maneuver, both
ambient pressure and middle ear pressure are equal. If the ET is blocked (in case
of, eg, an upper respiratory tract infection) and descent is continued by the
diver with inadequate equalization of pressures, the tympanic membrane and
the oval window are bulging inward and the round window is bulging outward
into the middle ear. This will eventually result in middle ear barotrauma of
descent (C) and/or inner ear barotrauma with bulging and rupture of the round

window into the middle ear (“exploding” from the inner ear perspective) with or
without resulting leak of perilymph into the middle ear, especially if the
cerebrospinal fluid (CSF) and/or inner ear pressure is high. E, If the ET is blocked
and the diver performs a forceful Valsalva maneuver against the blocked ET, this
forceful Valsalva maneuver can lead to inner ear barotrauma with inward
bulging and a rupture of the round window (“imploding” from an inner ear
perspective) with or without resulting leak of perilymph into the middle ear. F, If
the ET is blocked on ascent and the middle ear pressure increases, this can
cause middle ear barotrauma and inner ear barotrauma on ascent. Red x
indicates barotrauma; green check, dive without barotrauma.
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Symptoms such as tinnitus, vertigo, or hearing loss may suggest
rupture of the round window.20 Individuals in whom the portion
of the facial nerve within the middle ear is congenitally
unsheathed or dehiscent can present with ipsilateral upper and
lower motor neuron facial palsy (“facial baroparesis,” discussed
herein). This condition is treated in the same manner as compres-
sion barotrauma of the middle ear, and these conditions may
coexist.

Alternobaric Vertigo
With the expansion of gas in the middle ear during ascent, the
relative pressure in the middle ear increases. The eustachian
tubes open and gas escapes into the nasopharynx. If there is uni-
lateral obstruction of the eustachian tubes, the pressure discrep-
ancy between the 2 ears results in stimulation of the vestibular
system. This can cause symptoms of vertigo and is known as
alternobaric vertigo. The disorientation associated and the vomit-
ing can be catastrophic in an underwater setting. Correcting the
disorder underwater requires halting ascent and performing a

Valsalva maneuver or, if unsuccessful, descending to perform the
Valsalva.21 Diving should be avoided whenever middle ear pres-
sure equalization is impaired.19

Conditions of the Inner Ear
Inner Ear Barotrauma (IEB)
This occurs when middle ear pressures do not equalize, second-
ary to forceful Valsalva maneuvers and to increased cerebrospinal
fluid (CSF) pressure. This usually occurs on descent. The patho-
mechanism and the theoretical sequence of events is outlined in
Figure 3.

There are 2 proposed explanations regarding the etiology of IEB.
The first, more popular explanation suggests that on descent the TM
bulges inward, resulting in the ossicles and eventually the stapes foot-
plate being pushed into the oval window. This then causes redistri-
bution of the perilymph within the cochlea and causes the round win-
dow to bulge outward. This increase in inner ear pressure and the
increase in spinal fluid pressure contributing to this can be suffi-
cient for the gradient between the middle ear and inner ear peri-
lymph to cause rupture of the oval or round window, resulting in a
perilymph leak from the inner ear.22 The second explanation pos-
tulates that the increase in CSF pressure is transferred to the coch-
lea through a patent cochlear aqueduct during a forceful Valsalva ma-
neuver, causing rupture or dislocation of the cochlear membranes
and rupture of the round window membrane.23 This has been dem-
onstrated in animal experiments, with an increase in CSF pressure.
The cochlear aqueduct decreases in size with age, and this may ex-
plain why children are more susceptible to IEB.16

This entity can mimic inner ear decompression illness, and a
thorough history of both the patient’s symptoms and the dive are
necessary to establish a diagnosis. Symptoms of IEB can vary
from mild sensorineural hearing loss to complete unilateral deaf-
ness, tinnitus and severe vertigo, nausea, and vomiting.10,24 The
patient may describe the unilateral sensation of water stuck in 1
ear.25 The treatment depends on the severity of the symptoms.
Conservative management with systemic steroids, vasodilators,
local decongestants, and measures to prevent substantial
increases in CSF pressure (eg, stool softeners) has been
described. Surgery involves tympanotomy with a fat graft to
repair the round window membrane for cases that do not resolve
within the several-week observation period.12

To prevent inner ear barotrauma, middle ear ventilation using
the Valsalva, Toynbee, or Frenzel maneuvers should be per-
formed, as described herein. If difficulty with middle ear ventila-
tion persists, the diver should abort the dive to prevent both IEB
and MEB.12

Inner Ear Decompression Sickness (IEDCS)
Decompression illness or sickness (DCS) can be classified as mild,
with skin, muscle, and joint symptoms (DCS type I), or severe, a dif-
fuse, multifocal central nervous system disease (DCS type II). Inner
ear decompression injury is a subtype of DCS type II and often oc-
curs in isolation with no other organ or tissue involvement.26

Decompression sickness occurs when rapid ascent causes a
sharp reduction in ambient pressure allowing dissolved inert gas
within the inner ear to become supersaturated and form bubbles.
It can be facilitated by isobaric counterdiffusion, when breathing gas

Figure 4. The Teed Classification of Middle Ear Barotrauma
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during decompression from a helium dive is switched to air. Re-
sidual helium within the middle ear then diffuses into the peri-
lymph, into which nitrogen enters from the blood, thus increasing
the total inert gas partial pressure. However, IEDCS does occur even
with air diving. Postulated theories include native microbubble for-
mation within the otic fluids and microvasculature,18 and there is in-
creasing evidence that arterial gas emboli transferred from venous
blood via a right-to-left shunt and lodging in the labyrinthine artery
arrests blood flow and causes ischemia.18,27,28

Inner ear DCS can present with vertigo, tinnitus, hearing loss,
nausea, or vomiting, all of which overlap with inner ear baro-
trauma. Vestibular symptoms tend to predominate, with the sug-
gested explanation being that the vestibular organ has lower per-
fusion than that of the cochlea.29

Differentiating between IEB and IEDCS can be difficult. How-
ever, the patient’s history can provide important clues. If the symp-
toms occur on descent or follow a forceful Valsalva maneuver, it is
likely IEB. The dive should have been aborted at that point. How-
ever, if occurring on ascent, IEDCS must be considered. If the pa-
tient had a previous history of eustachian tube dysfunction or MEB
or if there is evidence of MEB on physical examination, IEB is more
likely. Also, the depth of the dive is an important differentiating fac-
tor, with IEB being more prevalent in dives less than 30 m deep and
IEDCS more common in dives greater than 30 m. Inner ear DCS is
rare, with an incidence in recreational diving ranging from between
0.2% and 0.3% per dive30 and although dizziness/vertigo occurs in
approximately 20% of recreational DCS cases, not all of these are
necessarily due to inner ear disease.31

Inner ear DCS manifestations often start up to 20 to 120 min-
utes after decompression. Evidence of other DCS manifestations
such as sensory or motor signs also supports IEDCS. If IEDCS is sus-
pected, prompt treatment is required, including first aid supple-
mental oxygen; definitive treatment for IEDCS consists of recom-
pression therapy. Time to initiation of treatment has been shown to
affect prognosis.31,32 A concern is that by mistakenly treating a pa-
tient with IEB with recompression, Valsalva maneuvers during the
compression phase could exacerbate the injury. To prevent this, some
physicians perform myringotomy prior to recompression. Most pa-
tients with IEDCS eventually become asymptomatic because the
brain can compensate for any residual injury to the vestibular ap-
paratus, but mild hearing deficits may persist. Detailed testing, which
is recommended, using audiograms and rotary and caloric testing
has revealed a high rate of residual abnormalities (25%-90%).25,33

Facial Nerve Palsy Following Diving
If the facial nerve is dehiscent along its course through the tempo-
ral bone, it can be affected by pressure changes in the middle ear.
Interestingly, there are case reports that pressure changes and as-
sociated changes in pressure and microcirculation can cause facial
nerve palsy even during flying or a nose-blow.34,35 Apart from symp-
toms and signs of facial nerve palsy, patients often report otalgia or
other symptoms of otitic barotrauma. This can be differentiated from
DCS by involvement of both the upper and lower facial muscles. In
accordance with recommendations for MEB, use of nasal decon-
gestants, a course of intranasal steroids, and nonsteroidal anti-
inflammatory drugs may prove beneficial. There is not enough evi-
dence to recommend a myringotomy, hyperbaric oxygen therapy,
or a course of oral steroids routinely in these circumstances. Divers

with a known dehiscence of the facial nerve should be advised that
they are at increased risk of nerve injury during diving.36

Rhinological Hazards of Diving
Epistaxis
Approximately 3% of divers complain of recurrent epistaxis that usu-
ally resolves spontaneously. It is commonly associated with ascent
due to gas expansion and may be triggered by irritation of the mu-
cosa or by minor trauma to the Little area or other areas during the
dive.37

Barotrauma of the Paranasal Sinuses
More than 10% of experienced divers have a history of paranasal si-
nus barotrauma in their career.11 During descent, air in the parana-
sal sinuses is compressed according to Boyle’s law (Figure 1). In the
event of any blockage of the drainage pathways secondary to an
acute upper respiratory tract infection or chronic rhinosinusitis, pres-
sures cannot be equalized with air passing into the sinuses. The diver
complains of pain over the affected sinus during descent, and this
may be preceded by a sensation of tightness and pressure. The rela-
tively low pressures cause mucosal edema and effusion with rup-
ture of small blood vessels, causing bleeding into the sinuses, thereby
reducing the pressure and the degree of pain and discomfort.

During ascent, this air then expands in the paranasal sinuses with
drainage of mucus and blood from the sinuses (often visible in the
diver’s mask). Rarely, the drainage pathways are blocked to an ex-
tent that the pressure inside the sinuses cannot overcome the block-
age and the expanding air may fracture the walls of the sinuses, track-
ing along the soft tissues. This may cause surgical emphysema,
bruising, and hemorrhage in adjoining skin and damage to orbital con-
tents and vision.38 If air tracks intracranially, this leads to
pneumocephalus.39 Damage to the maxillary division of the trigemi-
nal nerve has also been described. Depending on whether the in-
fraorbital nerve or the superior alveolar nerve is affected, this can
cause numbness and paraesthesia over the cheek or the upper teeth,
gums, and mucosa of the same side, respectively.40,41 The optic nerve
runs adjacent to the sphenoid sinus; thus, if the bony canal is dehis-
cent, sphenoid sinus barotrauma of ascent can cause visual
impairment.42-44

Usually the condition is self-limiting. In accordance with the rec-
ommendations for MEB, use of nasal decongestants, a course of in-
tranasal steroids, and nonsteroidal anti-inflammatory drugs may
prove beneficial. Antibiotics are not recommended routinely but are
indicated if there is evidence of surgical emphysema. In cases of or-
bital or intracranial involvement, surgical decompression may rarely
be indicated. If recurrent paranasal barotrauma occurs, functional
endoscopic sinus surgery is highly effective to prevent sinus baro-
trauma in the future.45

Laryngeal Hazards of Diving

Laryngospasm
Laryngospasm consists of rapid and forceful contraction of
the laryngeal adductors in response to a noxious stimulus,

Otorhinolaryngological Hazards Related to Diving—Part 1: Compressed Gas Scuba Diving Review Clinical Review & Education

jamaotolaryngology.com (Reprinted) JAMA Otolaryngology–Head & Neck Surgery Published online February 15, 2018 E5

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by a Duke Medical Center Library User  on 02/18/2018

http://www.jamaotolaryngology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoto.2017.2617


causing stridor and airway obstruction. Laryngospasm can be
difficult to predict in a diver, and to our knowledge, no study,
thus far, has investigated its incidence in diving. Although
laryngospasm at depth appears to be a very rare event,46 it
can have potentially devastating consequences. It may cause
the diver to panic and to initiate an uncontrolled ascent.
The inability to exhale the expanding air in the lungs during
ascent can cause lung overexpansion injury, including subcutane-
ous or mediastinal emphysema, pneumothorax, and arterial gas
embolism.47

Conclusions

Otorhinolaryngological disorders related to diving are largely caused
by the inability to equalize pressures between anatomical compart-
ments. This can be due to either anatomical obstruction or poor div-
ing technique. While all efforts may be tried to prevent these injuries,
because diving has become an increasingly popular sport, with mil-
lions of people diving each year, these disorders will likely become even
more common presentations to the otorhinolaryngologist.
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