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Abstract Decompression illness (DCI) is the most important
emergency resulting from exposure to hyperbaric environments. Immediate diagnosis and management mostly allow
for complete recovery without sequelae. Emergency and
critical care physicians need to be aware of the possible
symptoms, since there are no DCI-specific symptoms, and
the clinical presentation can simulate a variety of other
pathologies. Initial treatment of choice is the administration
of pure oxygen together with adjunctive measures such as
fluid expansion and eventually symptomatic medication,
followed by hyperbaric oxygen (HBO) treatment. Patient
management under hyperbaric conditions requires taking
into account the physics of hyperbarism to avoid any
procedure-related pitfalls.
Keywords Decompression illness · Pulmonary barotrauma ·
Arterial gas embolism · Decompression sickness ·
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Résumé La maladie de décompression représente l’urgence
la plus importante liée à l’exposition au milieu hyperbare. En
général, le diagnostic immédiat, ainsi que la prise en charge
rapide permettent au malade de récupérer sans aucune
séquelle. L’urgentiste et le réanimateur doivent connaître
les signes cliniques possibles, car il n’y en a aucun de spécifique, et les signes cliniques peuvent être trompeurs. La
prise en charge initiale comprend l’administration de l’oxygène pur, l’expansion volémique, un traitement réanimatoire
symptomatique, ainsi qu’éventuellement une oxygénothérapie hyperbare (OHB). Pour l’OHB, le médecin doit connaître les aspects pratiques et les gestes imposés par les lois
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physiques de l’hyperbarie, afin d’éviter des complications
liées au milieu hyperbare.
Mots clés Maladie de décompression · Surpression
pulmonaire · Embolie gazeuse artérielle · Oxygénothérapie
hyperbare · Plongée

Introduction
The most important hyperbaric emergency, Decompression
illness (DCI), occurs as a result of decrease in ambient pressure in persons that have been exposed to an elevated ambient
pressure such as compressed air workers and divers. DCI
encompasses both decompression sickness (DCS), which is
caused by tissue bubble formation due to super-saturation of
inert gases, and arterial gas embolism (AGE) caused by entry
of gas into blood vessels during a rapid decompression due to
pulmonary gas trapping and alveolar rupture. Therefore the
common characteristic is tissue damage by excess gas during
and after decompression. The most severe clinical expression
corresponds to severe neurological symptoms, requiring both
intensive care and hyperbaric O2 (HBO) [1–3]. DCI treatment
is still empiric, as there are no randomized controlled trials on
the best treatment protocols. Nevertheless, albeit evidencebased-medicine standards are missing, there is an international consensus on the current treatment guidelines [3–5].

Mechanisms of decompression illness
The large majority of DCI cases are related to diving with
self compressed underwater breathing apparatus (“scuba”),
since this leisure activity has become very popular. During
diving and compressed air working, body tissues saturate
with N2 (or any other inert gas used as a component of the
breathing gas mixture, e.g. He), at the elevated ambient pressure. This is according to Henry’s law, which describes the
proportional relationship between the amount of physically
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dissolved gas in a liquid and the partial pressure of that gas
above the liquid (Table 1).
The decrease in ambient pressure during decompression
leads to a decrease of the partial pressure of the gases of the
breathing gas and the additional inert gas is eliminated from
the tissues. With rapid decompression the decrease in ambient pressure may exceed the elimination rate of N2, resulting
in tissue super-saturation and, as a consequence, in the formation of free gas bubbles.
Inert gas bubbles precipitate DCS, but the disorder is not
simply related to the presence of such bubbles. Indeed, it is
known that in many divers bubble formation will not lead to
symptoms. Normally, and if the amount of such bubbles do
not exceed a critical number, the venous system transports
these bubbles to the lungs, where they are eliminated. DCS
arises when gas bubbles cause mechanical tissue compression or venous embolization. Finally, paradoxical gas embolism may occur through trans-pulmonary passage of venous
gas bubbles or via extra- or, to a smaller portion, intrapulmonary right-to-left shunts. A patent foramen ovale (PFO) is
the most common pathway in divers [6].
A prerequisite for arterial gas embolism is the entry of
gas into the pulmonary veins or the arteries of the systemic
circulation. Mechanisms include the overexpansion of the
lung through decompression barotrauma, and paradoxical
embolism through the presence of a PFO as stated above.
In pulmonary barotrauma the volume of an enclosed gas
will increase according to Boyle’s law as ambient pressure

decreases. When expanding, intrapulmonary gas, which was
inhaled under higher pressure, is not adequately exhaled during decompression, and airway over-distension can cause
pulmonary barotrauma. Depending on the site of tissue rupture, gas may track along the peri-vascular sheaths and cause
mediastinal emphysema or pneumothorax. Gas may also
pass into the pulmonary vessels with subsequent arterial
gas embolism into the cerebral or, even, in rare cases, into
the coronary circulation.

Physiopathology
Initial changes mainly are due to mechanical effects of the
bubble. Gas bubbles can result in tissue ischaemia caused
by vascular obstruction or tissue compression due to the
expanding volume of the bubbles. Inflammatory processes
and tissue damage lead to oedema. Consequently, increased
diffusion distances impeding gas elimination aggravate the
damage. This largely depends on the kinetics of the gas contained within the bubble and the size and location of the
embolus. Interactions between the blood-gas interface and
the endothelium result in further tissue damage, mediated by
activation of complement, platelets and neutrophils. These
secondary effects trigger an inflammatory cascade ultimately
causing endothelial damage with capillary leakage, fluid loss
from the intravascular space, and haemoconcentration.

Table 1 Mechanisms and Symptoms of DCI
Decompression Illness (DCI)
(Synonyms: Decompression injury, Decompression incident)
Decompression sickness (DCS)

Arterial Gas Embolism (AGE)

Mechanism

Long exposition to elevated ambient pressure
(Incomplete) saturation of body tissues with inert gas
Decompression with formation of gas bubbles

Onset
of symptoms
Symptoms

Minutes to hours (up to 24 h)

Pulmonary barotraumas with entry of gas into
the pulmonary veins
Or
Paradoxical gas embolism
Within minutes

Cutaneous: skin itching
rash
Lymphoedema
Musculoskeletal pain
Pulmonary: coughing,
Chest pain
Dyspnea
Central nervous:
Patchy hypoesthesia
Paraparesis
Occasionally shock

Stroke-like syndrome with unilateral neurological
symptoms
Unconsciousness
Seizures
Focal motor deficits
Caution! Be aware of coincidental pneumothorax /
tension pneumothorax
And/or
Mediastinal emphysema
And/or cardiac arrhythmias
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Clinical manifestations and presentation
As stated earlier, the large majority of DCI occurs during
scuba diving. During a rapid ascent with large pressure
changes, arterial gas embolism from pulmonary barotrauma
is a possible complication accounting for recreational scubadiving fatalities [2]. Severe DCS is most common after short,
deep scuba-dives or multiple dives over several days but
may occur after any decompression when there is a significant venous gas load, especially in the presence of rightto-left shunts [7]. A further decrease of ambient pressure,
as it occurs during long distance commercial flights after
diving also increases the risk for DCS [8].
The symptoms of DCS can vary in a wide range from
mild to severe, ranging from skin itching, rash and lymphoedema and vague constitutional symptoms or musculoskeletal
pain to patchy hypoesthesia and paraparesis, or even shock
and cardiopulmonary arrest. The central nervous nitrogen
saturation and elimination kinetics and its limited ischemia
tolerance favor the development of neurological symptoms.
Sensory symptoms including numbness, tingling, paraesthesiae, and abnormal sensation are more common than severe
neurological symptoms, that typically develop progressively, beginning with mild paraesthesia, followed by
regional numbness, weakness and, occasionally, paresis of
the affected limbs [1]. Symptoms usually occur within
hours after decompression but may also present immediately. Respiratory DCS presenting with coughing, chest
pain, dyspnea, and haemoptysis may occur when a high
venous gas load overwhelms the pulmonary bubble filter.
Inner ear DCS presents as vertigo, tinnitus and hearing loss
[9]. In contrast to DCS, arterial gas embolism typically presents as a stroke-like syndrome with unilateral neurological symptoms, depending on the affected areas of the
brain. Cognitive symptoms and unconsciousness are most
frequently observed. Seizures, focal motor deficits, visual
disturbance and sensory changes are also common [10].
Bubbles may, however, occlude any artery, including the
coronary or skeletal muscle vessels. Spinal cord lesions
with sensory or motor paraplegia are more likely to result
from DCS. Arterial gas embolism and DCS can be discriminated according to the onset of symptoms, with gas embolism predominantly developing within a few minutes after or
even during decompression. Nevertheless, symptoms of
arterial gas embolism may be indistinguishable from DCS
or even non-diving related disorders. Finally, severe neurological DCS may be superimposed on gas embolism.

Diagnostic evaluation
The outcome of especially severe DCI largely depends on the
time to treatment, so definitive therapy should start as early as
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possible. Furthermore, no specific tests are available [11].
With respect to this the term DCI is useful, as it allows assigning a diagnosis without differentiating between arterial gas
embolism and DCS. History and physical as well as orientating neurological examination are mandatory for the initial
assessment. The onset of the patient’s complaints related to
a decompression, including information on time to onset of
symptoms, is crucial. In hospital, laboratory investigations are
useful to evaluate haemoconcentration and dehydration that
will occur as a result of the pathophysiological processes and
serum creatine kinase activity may serve as a marker of the
severity of arterial gas embolism. A chest X-ray allows evaluating the presence of a pneumothorax, which also can be the
result of a pulmonary barotrauma. Because of the severe
danger of an evolving tension pneumothorax during decompression from hyperbaric oxygen therapy, a drainage prior to
recompression is mandatory [12].

Treatment of DCI
As stated above, treatment for DCI relies on empirical evidence and for obvious reasons, no controlled prospective
studies in humans are available comparing treatment with
“no treatment” [4,5]. It is international consensus that treatment has to start as early as possible with the aim of a rapid
elimination of the dissolved gas and the correction of hypoxia, which is best achieved by hyperbaric oxygen therapy
[1,3,12] but can start with normobaric oxygen administered
in a concentration as high as available (Table 2).
Emergency Treatment
The protection and maintenance of vital functions is the primary goal. If necessary, cardio-pulmonary resuscitation has
to be performed. Indeed the venous but also the primary
arterial gas embolism may lead to serious impairment of the
cardio-vascular system.
Furthermore, empirical data and animal studies show that
early normobaric hyperoxia with inspiratory O2 concentrations close to 100% improves clinical outcome, because it
prevents further inert gas uptake and increases the diffusion
gradient of inert gas from the bubble into the tissue. Therefore 100% O2 should be administered via a tightly fitting
face mask, either from a demand-valve regulator or by a
closed-circuit apparatus. For somnolent or comatose patients
endotracheal intubation should be performed to maintain
adequate oxygenation and ventilation.
In addition, fluid resuscitation is useful to counteract haemoconcentration and dehydration [13]. Divers are prone to
dehydration because of fluid loss through respiration and
increased diuresis during the scuba dive, due to an increase
in intrathoracic blood volume, induced by the immersion.
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Table 2 Treatment recommendations for DCI
Initial treatment: Patient History
Physical examination
Flat supine position
CPR, if neccessary
Insufflation of 100% inspired oxygen
Intubation, when unconscious
Intravenous line
Infusion therapy
If pneumothorax is present: Insertion
of a chest tube
If general seizures occur (AGE): Diazepam
up to 30 mg or midazolam up to 10 mg;
if no success: Barbiturates!
HBO-T as soon as possible !
In hospital
Continuing of insufflation of 100%
treatment
inspired oxygen
Foley catheter
Renal protection
Exclusion of pneumothorax or Insertion
of a chest tube, if pneumothorax is present
and was not performed at scene
If patient is intubated: perform
myringotomia in both ears
HBO-T as soon as possible !
Definite
Hyperbaric oxygen therapy
treatment

Intravascular accumulation of gas bubbles and subsequent
endothelial damage with capillary leakage aggravate dehydration. Depending on the patient’s level of consciousness,
mild DCI may be managed by oral fluids; otherwise, intravenous administration is recommended [10,12]. Adequate
fluid resuscitation will allow continued inert gas washout
from tissues by maintening the microvascular flow.
Patients with DCI should be kept supine. Temperature
control of the patient is necessary as hypothermia impairs
tissue nitrogen elimination due to peripheral vasconstriction.
Frequently, patients require transport from remote locations.
Since altitude exposure may worsen the symptoms due to
additional N2 release and bubble growth under reduced pressure, transport should take place in airplanes maintaining sea
level cabin pressure. Ground or helicopter transportation at a
flight level as low as considered “safe” by the pilot are preferable, with hyperbaric oxygen therapy given at the nearest
location possible.
Definitive Treatment
The definitive treatment currently is a recompression with
hyperbaric oxygen in a pressure chamber. The expected
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effects of recompression are: reduction of the volume of
gas bubbles, with restoration of tissue structure and blood
flow; reabsorption of bubbles inert gas; increase oxygen
delivery to the tissues.
Recompression reduces excess intracorporeal gas and
increases the driving force for its return into solution. However, recompression per se causes only limited bubble shrinkage, especially as gas emboli do not maintain a spherical
shape when entrapped in vessels. Hyperbaric oxygen therapy
accelerates gas elimination, both by raising the ambient pressure and by creating systemic hyperoxia. Hyperbaric oxygen
therapy requires patient placement in a pressure chamber with
a treatment pressure at 2-3 times sea level while breathing
100% O2. This usually results in an increase of the arterial
PO2 up to about 260 to 270 kPa and an amount of O2 physically dissolved in the blood of approximately 60 to 70 ml/L.
The improved outcome of DCI after hyperbaric oxygen treatment results from its physiological effects, i.e. an increased
diffusion gradient for O2 into the gas bubble and for N2 out of
the bubble, improved tissue O2 delivery, hyperoxic vasoconstriction, and inhibition of ß2-integrin-dependent neutrophil
adherence.
It is mandatory to start the treatment as early as possible,
as recovery from DCI is seen to be inversely related to the
time of initiation of hyperbaric oxygen therapy [11]. Most
improvement occurs when treatment is started within minutes, although improvement was still observed when treatment began hours later or in rare cases even a day later.
Repetitive recompression treatments should be considered
as long as there is clinical improvement, but the more hyperbaric treatments are needed to relieve symptoms, the less
likely they are to be effective.
The most common treatment algorithm is the so called
“U.S. Navy treatment Table 6” that comprises cycles of
100% O2 breathing at 18 m sea water (0.28 MPa) and 9 m
sea water (0.19 MPa) with a total recompression time of
approximately 4 hours 45 minutes [1,14]. There is an ongoing discussion on the best recompression regimen, and various other treatment algorithms are discussed, e.g. recompression to 50 m sea water while breathing O2-enriched
gas mixtures using N2 (“nitrox”) or He (“heliox”) as carrier
gas has been recommended for arterial gas embolism and
severe cases of DCS [14]. However, no clear advantage
has been shown yet.
Adjunctive Measures
There are scarce data on the efficacy of pharmacologic interventions [4,5]. Nevertheless, aspirin is frequently used for its
analgesic, anti-inflammatory and anti-platetet aggregating
properties [15]. Anticoagulants have been advocated to
counteract haemoconcentration and coagulopathy. Lowdose heparin or low-molecular-weight heparin may be
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given in patients with leg weakness due to DCI as a prophylaxis against deep vein thrombosis [12]. Corticosteroids
have been recommended for arterial gas embolism to counteract brain oedema. However, cerebral arterial gas embolism provokes cytotoxic brain oedema, which, in general,
is unresponsive to corticosteroids. Again, no study to date
is available. The non-steroidal anti-inflammatory drug
tenoxicam reduced the number of recompressions required
[4], but further studies are needed. In an animal study lidocaine improved neuronal recovery after cerebral air embolism and one single trial showed cerebral protection in cardiac surgery, with bolus lidocaine administration (1.5 mg/
kg) and maintaining a therapeutic concentration thereafter,
but it should kept in mind that an overdose may result in
severe neurological and cardiac side effects.
Intensive care in the hyperbaric environment
The management of critically ill patients in a hyperbaric
chamber differs largely from the emergency department or
the intensive care unit. The narrow space, noise, decreased
ambient lighting and altered sound transmission impair clinical observation and give limited access [12,16]. For ECG and
invasive blood pressure monitoring, electrical connections are
necessary across the chamber wall to the outside physiological monitor [12,16]. While transcutaneous pulse oximetry is
of only limited value due to hyperoxia, transcutaneous PO2
sensors may provide information on adequate tissue oxygenation. Intravenous lines should be placed prior to hyperbaric
oxygen treatment since the hyperbaric chamber environment
complicates insertions. As stated above, any untreated pneumothorax contraindicates hyperbaric exposure, since it will
result in a life-threatening tension pneumothorax during
decompression due to gas expansion [12,16]. Therefore, a
chest tube must be inserted, and consequently the appropriate
instruments must be readily available inside the chamber.
During hyperbaric therapy chest tubes should be removed
from vacuum drainage and a Heimlich valve inserted [16].
Cardiopulmonary resuscitation can be performed during
hyperbaric therapy, but the medical staff is exposed to
increased tissue N2 uptake resulting in an increased risk of
the occurrence of decompression problems, when the chamber pressure is decreased. Cardiac defibrillation is accomplished with a significant risk of catastrophic fire due to
the elevated PO2 of the pressurized chamber atmosphere. It
is therefore strongly recommended to avoid electric defibrillation inside the chamber and slowly decompress with the
attendants breathing 100% O2 from 9 m sea water until
reaching surface pressure [12,16].
For fluid administration by gravity, plastic containers
should be used and have to be vented. The use of glass bottles can result in massive gas embolism during decompression. Flow-controlled automatic infusion pumps can be used
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when equipped with a battery as a power supply, but may
show substantial variations in performance and accuracy
under hyperbaric conditions [17].
Patients should be sedated and, if indicated, intubated
before therapy starts and the chamber pressurized. Total
intravenous anesthesia is the method of choice. Air has to
be evacuated from the endotracheal cuff prior to hyperbaric
exposure, and the cuff must be filled with an equivalent
amount of liquid (e.g. distilled water) to achieve an appropriate seal [12,16]. The endotracheal tube must be tightly
secured and stabilized in place with documentation of its
depth and auscultation of bilateral breath sounds. Unintended tube displacement may cause bronchial obstruction
and subsequent over-inflation of the unvented part of the
lung with consecutive barotrauma and/or a sudden drop in
blood pressure due to decreased venous return [12,16].
Intubated patients sometimes need myringotomy or, in case
of repeated hyperbaric treatments, tympanostomy, as they are
unable to actively equilibrate their middle ear by the Valsalva
manoeuvre. Patients with a nasal endotracheal tube can suffer
from barotrauma of the sinuses during compression [16].
Ventilated patients will frequently require deep sedation
or even muscle relaxation because of limited options in
terms of ventilation mode. A pressure-controlled ventilatory
mode is preferable when controlled ventilation is used to
avoid over-estimation of tidal volume and minute ventilation
(most ventilators use mass-flow measurements); a higher
level of inspiratory pressure support is often needed to compensate for increased work of breathing resulting from the
compression-related rise in gas density [16,18–20].

Conclusion
Decompression illness is an emergency situation resulting
from a decompression after an exposition to hyperbaric environment, as it can be observed in divers. Clinical manifestations are decompression sickness and arterial gas embolism.
The rapid recognition of the related symptoms to evoke the
diagnosis in a compatible context is of great importance in
order to start the treatment as soon as possible. This treatment is not well codified but relies on non specific intensive
care measures and on recompression using hyperbaric oxygen therapy, which needs to organize the transport of the
patients in centers equipped with recompression chambers.
Link of interest: None.
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