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sinus barotrauma - a particular injury
LITERaTuRE REVIEw

INTRoDuCTIoN

Since water and aeronautical sports are practiced 
increasingly more, it is necessary to know the physi-
opathogenic mechanisms that occur in the sinuses in 
these extreme conditions and to initiate an appropri-
ate treatment in the case of malfunctions.

Sinus barotrauma is the disorder arising from the 
pressure variations of the ambient. This is the conse-
quence of a pressure difference between the nasal fos-
sae and one or more sinus cavities in the context of 
sinus impermeability, the most often involved sinus 
being the frontal sinus. The barotrauma may occur 
during aeronautical activities, when there is low atmos-
pheric pressure, or while diving, when there is an in-
creased atmospheric pressure.

PHYsIoPaTHoLoGY oF BaRoTRauMa 

The pathology of the sinus barotrauma is strictly re-
lated to 3 laws of physics: Boyle-Mariotte law, Dalton’s 
law and Henry’s law.

Boyle-Mariotte law or the isothermal transforma-
tion law states that, at constant temperature, the vol-
ume of a gas varies inversely with increasing pressure. 

Thus, while diving, pressure increases rapidly, by 1 bar 
for every 10 metres; according to the law described 
above, the gas volume reduces (if there are 1000 l at 0 
m, at 10 m there will be a pressure of 2 bar and a gas 
volume of 500 l) and inversely, in case of return from 
immersion to the surface, the pressure decreases and 
volume increases (for example, if we have an air-filled 
balloon, it has 1 l at 10 m depth and, when we return 
to the surface, its volume will be of 2 l). An inverse 
mechanism occurs with increasing altitude, when the 
atmospheric pressure decreases by 0.1 bar for every 
1000 m up to 5000 m, therefore, at 5000 m, the pres-
sure will be 0.5 bar.

Dalton’s law or the law of partial pressures states 
that, at constant temperature, the pressure of a gas 
mixture is equal to the sum of the partial pressures of 
its component pure gases. The air used in the oxygen 
tanks for immersion is made   up of several compo-
nents, but, with the exception of O2 and N2, the 
amount of the other gases is less than 1%, so that it is 
considered that air is a mixture of O2 and N2, consist-
ing of 21% O2 and 79% N2 (so there is 0.21 O2 and 
0.79 N2 - volume participation). As a consequence, for 
example at a pressure of 5 bar, there will be the O2 
pressure of 0.21 x 5 = 1.05 bar, and the N2 pressure 
0.79 x 5 = 3.95 bar.

aBsTRaCT

Sinus barotrauma is the disorder arising from the pressure variations of the ambient. This is the consequence of a pressure 
difference between the nasal fossae and one or more sinus cavities in the context of sinus impermeability, the most often in-
volved sinus being the frontal sinus. The barotrauma may occur during aeronautical activities, when there is low atmospheric 
pressure, or while diving, when there is an increased atmospheric pressure. Correct treatment and a good prevention spare 
the patient from severe lesions, minimizing the risk of recurrence, and make possible the professional integration as soon as 
possible.
The author presents the physiopathology of this disease and the proper investigations and treatment methods.
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Henry’s law states that, at constant temperature, the 
mass of gas dissolved in a saturated liquid varies di-
rectly with the partial pressure of the gas in contact 
with the liquid, so that, in a mixture of gases such as 
the air breathed by divers, the amount of dissolved gas 
will be directly proportional to the partial pressure of 
each gas composing the mixture.

A series of specific anatomical factors make possi-
ble the appearance of this type of lesion. The face 
sinuses are pneumatic cavities, enclosed in bony 
walls, so the volume cannot vary; consequently, while 
descending, a relative depression is installed between 
the sinus and the nasal fossae, whereas in the case of 
ascension, there is a relative hyperpressure. The 
barotrauma especially occurs in cases of rapid varia-
tions of pressure and usually installs in the frontal 
sinus (68%), followed by the ethmoid sinus (16%), 
the maxillary (8%) and, more rarely, in the sphenoid 
sinus1-3. This distribution is explained by the drain-
age anatomical features. Since the sinuses are lined 
with a respiratory-type mucosa, they require drainage 
in the nasal passages, which is carried out differently, 
through the ostium for the maxillary and sphenoid 
sinus, and through the frontonasal duct for the fron-
tal sinus (the ostium of the sphenoid sinus is short – 
2-4 mm, the ostium of the maxillary sinus measures 
5-8 mm, and the frontonasal duct is longer – 15-20 
mm, independent of the sinus size, most of the times 

sinuous, in a narrow anterior ethmoid) (Figure 1). 
Therefore, it becomes clear why the frontal sinus 
holds supremacy of the lesion interest, a conse-
quence of the considerable increased length of the 
frontonasal duct as compared to the other two sinus 
cavities. If the ostium permeability is compromised, 
the sinuses are isolated and we have the necessary 
conditions to achieve a sinus barotrauma4-7.

In diving conditions, when pressure increases, an 
ostial edema or a meatal obstruction may alter pres-
sure balance, aggravating the relative depression in 
relation to the atmospheric pressure and “a vacuo” le-
sions may occur (the implosive form)8.  

Depending on the relationship of proportionality 
difference of pressure/ lesional grade, there are de-
scribed different stages of lesion interest8: 

 • for depression from 100-150 mmHg – edema and 
mucosal hyperemia through plasma extravasa-
tion-ultrafiltration; 

 • between 150-300 mmHg – seromucous or serohe-
matic effusion, through the transcapillary pas-
sage of the figurative elements;

 • more than 300 mmHg – interstitial hemorrhage, 
then submucous, even intracavitary, wghich can 
lead to hemosinus.

Moreover, a number of conditions are favourable 
for ostium impermeability:

 • sea   water temperature – for example, a tempera-
ture below 18o C is responsible for a reduction of 
ciliary movement;

 • head position - for example, an inclined position 
at the time of plunging favors venous congestion;

 • the degree of hypertonia of sea water – an in-
creased hypertonia can trigger a ciliary hypoki-
nesia.

On the other hand, we may encounter the reverse 
lesional mechanism; when returning to the surface, 
sinus pressure is increased in the absence of equipres-
sure, especially when there is an intrasinusal obstacle 
(polyp) which hinders air discharge - the explosive form 
(Figure 2).

Barotraumas occur in 70% of cases while diving and 
in 30% of the cases while returning to the surface9 

Although sinus barotrauma occurs less frequently 
than those of the middle ear (three times less com-
mon), their occurrence is not negligible10; most often, 
they are underestimated. According to Taylor11, on a 
group of 709 divers observed for a period of 1 year, it 
was observed that 53% of them suffered a barotrauma 
of the middle ear, 37% of the sinuses and 10% of the 
teeth.

In a study12 conducted on pilots of the commercial 
airlines, who suffered an ordinary acute rhinitis during 
the flight, the ratio was 72% ear barotrauma versus 
28% sinus barotrauma, the majority occurring during 
landing.

Figure 1   Sagittal section – frontal sinus highlighting the frontonasal 
duct (drawing).
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Predisposing factors 
The causes for ostium impermeability are numer-

ous, acute or chronic: polyps, mucous cysts, tumors, 
septal deformities, concha bullosa, all mucosal hyper-
plasia during inflammatory or allergic rhinosinusitis, 
etc. Note that in smokers ostium permeability is re-
duced on average by 30%.

sYMPToMs

Cephalalgia is the main symptom, of variable inten-
sity, from simple discomfort to intense pain, even syn-
copated, especially in explosive forms. It is localized in 
the aria of the involved sinus:

 • the frontal sinus - pain can be supra- or retro-or-
bital;

 • the maxillary sinus - pain may be suborbital or 
frontal;

 • rarely, when the sphenoid sinus is involved, oc-
cipital pain or in the vertex.

Pain intensity varies, depending on the degree of 
barotrauma. Thus, Weissman2,8,13,14 describes 3 degrees 
of barotrauma:

 • 1st degree - moderate sinus discomfort, with 
edema of the mucosa and no visible changes on 
the X-ray;

 • 2nd degree - severe pain that has lasted for about 
24 hours, with changes on the X-ray (thickening 
of the mucosa);

 • 3rd degree – severe pain that has lasted for about 
24 hours, with important changes on the X-ray, 

thickening of the mucosa or opacification of the 
affected sinus and/or submucosal hemorrhage, 
blood exuding, epistaxis.

A particular situation is described in the case of di-
vers, while returning to the surface, when intrasinusal 
pressure is increased - the explosive form, because 
pain can be syncopated and may threaten the diver’s 
life (same situation in the case of an airplane pilot who 
should avoid rapid ascension)2,14-18.

Epistaxis is another common symptom, which may 
occur in 58% of cases19, but, usually, it is not severe 
and occurs in the implosive forms.

Symptomatic clinical forms are rare and occur espe-
cially in explosive forms:

 • hypoesthesia in the infraorbital nerve territory20-23; 
the relative hyperpressure that develops in the 
maxillary sinus can cause reversible lesions of 
the infraorbital nerve in the infraorbital canal, 
especially if there is a dehiscence at this level, 
which disappears in less than 48 hours;

 • exceptional rupture of the sinus wall, which may 
occur at the level of a dehiscence and may be 
spontaneous, posttraumatic or consecutive to 
sinus surgery; it can take the form of a subcutane-
ous emphysema, supra- or suborbital, of a pneumo-
orbit or of a pneumencephaly, with or without asso-
ciated meningo-encephalic infectious complica-
tions24.

Associated forms. In 20% of the cases, it can associate 
a barotrauma of the middle ear10.

PaRaCLINICaL EXaMINaTIoN

If symptoms are moderate and if it is the first 
episode, it is not necessary to perform other tests. 
Nevertheless, if the pain was intense and espe-
cially if the patient has a recurrent barotrauma, it 
is necessary to perform a CT scan of the sinuses to 
look for the triggering cause (concha bullosa, ab-
normally developed unciform cells, sinus opacity, 
etc.), as well as an endoscopic examination, with and 
without vasoconstrictor. In case of chronic nasal 
obstruction, rhinomanometry is of particular inter-
est (if the CT scan of the sinuses is without abnor-
malities, one may suggest to the patient a septo-
plasty or a turbinoplasty surgery). If the balance 
is negative, the patient is proposed an allergologi-
cal investigation8. 

The old standards recommending X-ray of the 
anterior sinuses (Blondeau incidence) have lost 
ground to current imaging methods (Figure 3, Fig-
ure 4). Consequently, standard radiology remains 
a method of exception for low severity cases, espe-
cially for differential diagnosis or during an ordi-
nary, nonspecific investigation phase.

Figure 2   Types of barotrauma lesions (drawing): 1. Implosive form; 
2. Explosive form.
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DIFFERENTIaL DIaGNosIs

In most cases, usually with minor injuries, symptoms 
and clinical aspects are superimposed or confounding 
with other ENT or dental diseases. For example, rather 
frequently, one may call into question a barotraumatic 
odontalgia, particularly while ascending to the surface, 
when there is either an incomplete ductal treatment 
or a recurrence of dental caries. In addition, facial al-
giae can appear (migraines, facial neuralgia, vascular 
algiae)25, which can be soothed by oxygen inhalation 
or can be prevented by ergot derivatives. Epistaxis is 
not rare, by rupture of vessels in the septum or in the 
vascular patch, when there is low pressure at the level 
of the diving mask (in order to avoid it, the diver 
should breathe air from the mask through the nose); 
it may be associated with a subconjunctival hemor-
rhage or a periorbital ecchymosis.

TREaTMENT

An essential component of treatment is preven-
tion26.

It is necessary to inform patients who perform an ac-
tivity with risk of barotrauma to avoid these activities 
under the conditions of infection of the upper airways 
or of another pathology which may have consequences 
for the sinus. However, the rules in force for diving or 
aeronautical activities state an absolute contraindication 
for these activities under the conditions of a sinus pa-
thology which may compromise the pressure balance27.

It is good to use decongestants before these activities?

Nasal or general decongestants are meant to pre-
vent the occurrence of barotrauma, especially when 
diving, which is less severe, but can cause barotrauma 
while returning to the surface, which can be danger-
ous particularly by the syncopal character of pain. 
That is why their use is prohibited, at least 12 hours 
before diving28. The same cannot be said about the 
commercial flight crew. They can use an oral decon-
gestant before the flight and a nasal vasoconstrictor 
before landing29.

For the leisure diving activity, it is contraindicated 
when we have chronic sinus pathology with ostium dys-
function (the data from the literature mention a rela-
tive contraindication in people with nasal polyposis).

If we have an isolated episode of sinus barotrauma, 
it occurs most commonly during an acute rhinitis and 
then treatment is symptomatic (the background treat-
ment of rhinitis and antialgic treatment)3. When the 
cephalalgia is very intense, especially that which occurs 
while returning to the surface, if it does not succumb 
to the usual painkillers, it is necessary to restore sinus 
permeability in order to achieve pressure equalization 
(older techniques, such as frontal sinus trepanation 
and installing a drain of Lemoyne type or, more rarely, 
maxillary sinus puncture with the installation of an Al-
bertini drain, or newer, endoscopic techniques). Also, 
one may prescribe local or general decongestants, 
aerosols, antibiotics per os (preferred antibiotics are 
those of the amoxicillin type - clavulanic acid or sec-
ond-generation cephalosporin) – in case of associated 
purulent rhinorrhea. Corticosteroids per os are widely 
used, especially to reduce the edema responsible for 
the ostium dysfunction.

Figure 3   Standard radiology image, Blondeau incidence. Characteristic 
appearance of frontal sinusitis (ENT Department property).

Figure 4   CT scan examination, coronal section - frontal sinusitis (ENT 
Department property).
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In case of recurrent episodes, it is necessary to inves-
tigate the cause. To do this, a complete clinical and 
radiological balance is performed, as well as an endo-
scopic nasosinusal balance, a CT scan of the sinuses, a 
rhinomanometry examination.

If the sinus CT scan is normal:
 • the chronic rhinitis is treated with drugs – nasal 

lavage with physiological serum, intranasal corti-
costeroid, antihistamines;

 • the turbinate hypertrophy which has not been 
improved by medication can be reduced by vari-
ous methods: Laser, radiofrequency, cautery;

 • structural abnormalities can be surgically treated 
(septoplasty, concha bullosa, turbinectomy).

If the sinus CT scan reveals chronic rhinosinusal pa-
thology medical treatment with an intranasal corticos-
teroid is carried out. In case of functional failure, the 
surgical treatment is recommended – for example, 
middle meatotomy for the maxillary sinus, for the 
frontal sinus – repermeabilization of the naso-frontal 
duct; in case of unilateral ethmoid-frontal pathology, 
it is envisaged anterior ethmoidectomy and repermea-
bilization of the frontal sinus. For the repermeabiliza-
tion of the frontal sinus, newer techniques suppose the 
installation of a balloon catheter sinuplasty30, espe-
cially for the pathology limited to the naso-frontal duct 
(dilation of the frontonasal duct by installation of a 
ballonet, after locating the sinus ostium by means of a 
catheter guided by fluoroscopy or by transillumina-
tion)31 (Figure 5). This new technique gives compara-

ble results to conventional surgery, but failures have 
also been reported32-35.

In case of bilateral nasal polyposis, polipectomy and 
middle meatotomy are proposed, and in case of fail-
ure, bilateral ethmoidectomy with sphenoidotomy.

A good medical treatment allows recovery and re-
sumption of activity in most of the cases (50%)36. In 
case of failure of the medical treatment, surgical treat-
ment provides a better rate of recovery (92% accord-
ing to Parson)37. These data are valid especially for the 
flying personnel; for those who perform diving, the 
environment being more hostile than for professional 
pilots, results are less good.

MEDICo-LEGaL asPECTs

For professional divers, the activity is contraindi-
cated when there is chronic sinus pathology with os-
tium dysfunction, particularly if they had had a history 
of sinus barotrauma.

Military standards for the aviation flight crew im-
pose: nasal fossae must be permeable; septal devia-
tions, turbinate hypertrophy, acute or chronic infec-
tions of the upper airways constitute grounds for tem-
porary or permanent incapacitation, until resolution 
of the cause.

Civil standards for the aviation flight crew are the 
same, with limitation of the activity until proper func-
tioning of the sinuses. 

Predescu  Sinus barotrauma - a particular injury

Figure 5   Surgical technique. a and b) Instruments for sinuplasty – balloon 
catheter and pump for ostium permeabilization; c) detail of the technique – 
dilation of the naso-frontal duct.
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For those belonging to the groups with occupa-
tional risk, it is worth mentioning the impact on the 
resumption of activity in safety conditions. Therefore, 
in case of accidental 1st degree barotrauma, a cessation 
of activity for a week is necessary, while for the 2nd and 
3rd degree ones, a cessation for a month, with tomo-
graphic control of the sinus integrity8.

CoNCLusIoNs

In conclusion, barotrauma is a lesion more com-
mon than suspected, especially in the conditions of 
sports, professional and recreational activities, which 
are practiced increasingly more. Basically, the practi-
tioner will encounter two distinct situations involving 
a therapeutic amendment. Sinus barotrauma occur-
ring accidentally and which, usually, implies a clinical 
diagnosis without requiring additional investigation 
for diagnostic purposes. From a therapeutic point of 
view, it requires short-duration treatment. However, a 
particular problem is raised by the recurrent baro-
trauma, often imposing a clinical investigation, endos-
copy and computerized tomography in order to detect 
the triggering cause and treat it accordingly. For the 
recurrent ones, it is required to treat the cause and 
then perform the CT verification.

Correct treatment and a good prevention spare the 
patient from severe lesions, minimizing the risk of re-
currence, and make possible the professional integra-
tion as soon as possible.
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