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Barotrauma and pneumothorax
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Abstract: Barotrauma is physical damage to body tissues caused by a difference in pressure between a gas
space inside, or in contact with the body, and the surrounding fluid. This situation typically occurs when the
organism is exposed to a significant change in ambient pressure, such as when a scuba diver, a free-diver or
an airplane passenger ascends or descends, or during uncontrolled decompression of a pressure vessel, but it
can also happen by a shock wave. Whales and dolphins are also vulnerable to barotrauma if exposed to rapid
and excessive changes in diving pressures. In the current review we will focus on barotraumas from definition
to treatment.
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Definition

Intubation and mechanical ventilation are common but
aggressive therapeutic manoeuvres in anesthesia or in ICU
setting. While human being is created, as other creatures, to
breathe with a mechanism based on negative pressures, the
patient on mechanical ventilation is ventilated with positive
pressures, which is not physiological. Barotrauma must be
considered as complication of the use of positive pressures
in a tissue, where normal air movement is mainly passive. It
is defined as the presence of extraalveolar air in locations,
where it is not normally found in patients receiving
mechanical ventilation (1-9). The implementation of
positive pressure ventilation predisposes an already affected
lung—when certain limits are overcome—to injury. This
is described as ventilator associated lung injury (VALI) or
ventilator induced lung injury (VILI). VALI and VILI can
be divided into macrobarotrauma (the form of radiologically
detected barotrauma) and microbarotrauma, with diffuse
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lung injury and possible injury of other organs due to
release of inflammatory mediators-biotrauma. According
to the etymology, barotrauma refers only to high pressures.
Nevertheless, it seems that not only pressure, but high
lung volume and lung hyperinflation as well, play a major
role in barotrauma aetiology. Volutrauma is the term that
describes ultrastructural lung injury due to overdistention
occurring during mechanical ventilation. The two terms—
barotrauma and volutrauma—reflect the two sides of the
same phenomenon: the lung injury due to a large distending
volume and/or to a high airway pressure (10-19).

Clinical manifestations of barotrauma include
pneumothorax, pulmonary interstitial emphysema
(PIE), subcutaneous emphysema, pneumoperitoneum,
pneumomediastinum or pneumopericardium, air
embolisation, tension lung cysts, and hyperinflated left
lower lobe.

When an overdistended alveolus ruptures, air is
diffused into the perivascular adventitia, resulting in PIE.

www.jthoracdis.com F Thorac Dis 2015;7(S1):S38-S43



Journal of Thoracic Disease, Vol 7, Suppl 1 February 2015

Air can be introduced along the perivascular sheaths
into the mediastinum and pneumomediastinum or
pneumopericardium are present. When adequate air is
accumulated in mediastinum, it is decompressed along
cervical fascial planes into the subcutaneous tissues and
subcutaneous emphysema is formed. The air can be
decompressed both retroperitoneally and intraperitoneally
(pneumoperitoneum). In case of mediastinal parietal rupture
pneumothorax is appeared.

Pathophysiology

All barotrauma forms come from rupture of a hyperinflated
alveolus and air leak into the surrounding tissues and spaces.
This suggests that risk factors predisposing to barotrauma
are a severe underlying lung disease, which seriously affects
alveoli [ARDS, ALI, chronic obstructive pulmonary disease
(COPD) exacerbation, necrotizing infections] and all
factors predisposing to hyperinflation: high transpulmonary
pressure (airway pressure minus the pleural pressure),
high tidal volumes, high intrinsic PEEP. In each case
hyperinflation occurs when the inspired air cannot be totally
expired (dynamic hyperinflation) (20-29).

All forms of pressure are not equal as barotrauma
aetiologic factors. The peak airway pressure (Ppk) is the
pressure measured by the ventilator in the major airways
and it strongly reflects airway resistance. It increases with
hyperinflation, but it has no pathological value in the
clinical setting, since it arises from the increased airway
resistance and the high inspiratory flow rate and is mainly
dissipated in the airways and thus does not reach the
alveoli.

In volume control modes of ventilation, when the Ppk
reaches its maximum value, there is a rapid drop of the
pressure until a plateau is reached (plateau pressure-Ppl).
This Ppl is the pressure applied to the small airways and
alveoli. The Ppl and more correctly the transpulmonary
pressure (Ppl-Ppleural) reflect the compliance of the
respiratory system, given the initial PEEP level and the
delivered tidal volume and gauge the maximum alveolar
pressure and hence maximal alveolar volume. Certainly,
the volume is related to the pressure by the compliance
characteristics of the lung and chest wall. A patient with
emphysema (high lung compliance) and elevated Ppl
(35 emH,0) would be expected to have a large end-expiratory
alveolar volume and thus be at risk of barotrauma. A patient
with very low compliance (e.g., ARDS) would be expected
to have a lower alveolar volume at the same Ppl level
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(35 cmH,0) and hence to be at lower risk of barotrauma.

In respiratory failure, when PEEP is set, the tidal volume
(when using pressure controlled ventilation) or the airway
pressure above PEEP (when using volume controlled
ventilation) are not adjusted. This may produce high Ppl,
which might overdistend vulnerable lung regions. This
mechanism is pronounced in the volume controlled mode,
when ventilating lungs with low compliance. However, even
when Ppl is limited to 30-35 cmH,0, as in the ARDS net
study (3), the PEEP level is correlated to the incidence of
barotraumas, indicating that the PEEP itself may also be a
risk factor (4,5).

Intrinsic PEEP (PEEPi) is the lowest alveolar pressure
achieved during the respiratory cycle and reflects the least
alveolar volume during inspiration and expiration. It is
measured during an end-expiratory hold manoeuvre in a
relaxed but not necessarily paralysed patient. During this
manoeuvre there is no air flow, and pressures equilibrate
within the respiratory system and reflect the mean end
expiratory alveolar pressure. There is no value of PEEPi
that is predictive of barotrauma, but successive measures
of PEEPi give an indication of the evolution of dynamic
hyperinflation: increasing PEEPI reflects aggravating
hyperinflation (6).

The only measure that has been shown to predict
complications of hyperinflation, as barotrauma, is the end
inspiratory volume (Vei) (7) that is the volume remaining
in the lung above functional residual capacity (FRC). It is
measured by collecting total exhaled volume in a paralysed
patient over 60 s of apnoea. Vei >20 mL/kg is predictive of
complications like hypotension and barotraumas. Assuming
that the compliance of the respiratory stays constant, Vei can
be calculated as follows: Vei = (Vt x Ppl)/(Ppl-PEEPi) (2).

In severe COPD patients, all the above mentioned take a
major role in the pathophysiology of hyperinflation. In case
of COPD exacerbation, the balance between respiratory
workload and respiratory working capacity is difficult to
maintain. A small disturbance can lead to vicious circle
ending up in barotrauma. An acute pathological event
(e.g., infection) can precipitate airway obstruction, which
leads to hyperinflation and decreased compliance. These
changes provoque further increase in minute ventilation
and PEEPi, which in the end tend to a further increase of
hyperinflation. In this setting Ppk diverges greatly from Ppl
and does not necessarily reflect the risk of alveolar injury,
as we mentioned earlier. In this condition gas trapping
results in a very high PEEPi, which indicates high alveolar
end expiratory volume, with an elevated risk of barotrauma,
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even with small tidal volumes (30-39).

Diagnosis and clinical signs

These are not specific in sedated critically ill patients.
Symptoms can vary from mild hypoxemia, hypotension,
and tachycardia to extremely severe signs, such as profound
hypoxemia, cardiovascular collapse and low cardiac output
syndrome. Ventilator—patient dysynchrony may be present.
Subcutaneous emphysema can be revealed by auscultation
and palpation: crepitation in the neck, face, chest or
abdomen means subcutaneous emphysema. Usually, this
is not associated with hemodynamic disturbances, but
this finding should alert the intensivist to the possibility
of pneumothorax or tension pneumothorax, which if
misinterpreted may be lethal. Other clinical signs are
patient discomfort, slight increase in airway pressures
or decrease in tidal volumes or an unmeasurable arterial
blood pressure and increased venous pressure, together
with hugely increased airway pressures that renders
adequate ventilation impossible (tension pneumothorax).
Subcutaneous emphysema and unilateral absence of breath
sounds are also signs of barotrauma (40-49).

Radiographic evaluation is the method of choice to
evaluate barotrauma. Subcutaneous emphysema is often
a common finding in daily routine clinical imaging. This
includes air presence in the surrounding the chest tissues,
as thorax, neck, arms, face or even abdomen. Nevertheless,
the diagnosis of subcutaneous emphysema remains clinical.
PIE, which is more common in infants and less recognized
in adults, include small parenchymal cysts, perivascular
presence of air (halos), linear streaks of air radiating
toward the hilus, pneumatoceles and large sub pleural air
collections. PIE as subcutaneous emphysema can lead to
pneumothorax.

Prophylaxis-treatment

In barotrauma, as in most conditions in medicine, the
best treatment is prophylaxis, as Hippocrates said many
centuries ago. In mechanically ventilated patients with
severe underlying disease, the use of lung protective
strategies is essential to reduce barotrauma risk. The goal
of these strategies is to provide an adequate gas exchange
(SpO, >90%) without causing additional iatrogenic damage
to lungs (8,9). The most common factors responsible
for barotrauma are firstly high lung volume, associated
with both elevated transpulmonary pressure and alveolar

© Journal of Thoracic Disease. All rights reserved.

loannidis et al. Barotrauma and pneumothorax

hyperinflation and secondly, repeated alveolar collapse and
reopening due to low end expiratory volume. First goal
of this approach is to “open the lung and keep the lung
open.” This was described by Lachman (10). It involves
recruitment manoeuvres by using pressure control mode
of ventilation and increasing slowly the peak inspiratory
pressure to 55 cmH,0. The LE ratio is set 1:1. This type
of ventilation is continued for about 2 min, after which the
Ppl is lowered to 30 emH,O. Then PEEP high enough to
maintain the alveoli open should be set (15-18 emH,0)
and then is carefully titrated downwards towards the lowest
possible value that prevents derecruitment.

Ventilation with a tidal volume of 6 mL/kg ideal body
weight has been shown to decrease VILI or VALIL However,
the acceptable tidal volume depends on the underlying
disease. In severe ARDS with low lung compliance, tidal
volume should probably be lower than 6 mL/kg. In less
severe conditions Vt can be set above 6 mL/kg.

In severe ARDS, compensation of low Vt by increase of
frequency (Fr) is usually safe: Exhalation is much faster, due
to low compliance combined with nearly normal resistance.
In COPD patients Fr should be set low, in order to allow a
long expiration time ('Ie) to oppose dynamic hyperinflation.
These patients can be compensated by a relatively high Vt,
when the lung compliance is normal or high (40-49).

In a COPD patient under mechanical ventilation, our
major concern is hyperinflation and our goal is to minimize
it. The main determinants of hyperinflation are expiration
time and tidal volume. Expiration time must be as long
as possible and this suggests low respiratory rate and low
Ti/Te ratio. The minute ventilation must be relatively
low (MV=Vt x RR) but with a high inspiratory flow to
achieve an adequate tidal volume in a small period of time.
Generally, there is a consensus in the ventilator settings
in COPD patients: Minute ventilation <115 mL/kg, tidal
volume <8 mL/kg, respiratory rate 10-12/min, inspiratory
flow 80-100 L/min. There is no agreement on what
ventilatory mode should be initially set.

In the ARDS group, the I/E ratio setting must be
high (>1) in order to improve oxygenation and alveolar
recruitment. In the COPD group, the I/E must be low, in
order to prolong the expiration time and to minimise the
PEEP:.

The end inspiratory plateau pressure (Ppl) should be kept
under 30 cmH,0. However, as the transpulmonary pressure
is more important in lung injury than the Ppl, compliance of
the chest wall must be considered, as previously mentioned

in pathophysiology.

www.jthoracdis.com 7 Thorac Dis 2015;7(S1):S38-543



Journal of Thoracic Disease, Vol 7, Suppl 1 February 2015

PEEP contributes to the reopening of collapsed alveoli
and opposes alveolar collapse. PEEP increases FRC and
improves lung compliance. The application of PEEP is lung
protective, since it prevents atelectrauma, caused by cyclic
collapse and reopening of unstable alveoli. Unfortunately,
PEEP can overdistend other-non collapsed-alveoli, as PEEP
increases Ppl and therefore can contribute to VALI. PEEP
should be set above the lower inflection point (LIP) at the P-V
curve (11). However, LIP does only indicates the pressure
at which recruitments srarts, and not the pressure at which
it ends or the pressure which is high enough to prevent
derecruitment. Therefore, LIP is not ideal for setting PEEP
(11,12). PEEPi can be offset by external PEEP. This is true
only in patients with expiratory bronchial collapse. In other
cases of pulmonary hyperinflation (due to short expiratory
time), external PEEP and PEEPi have mainly additive
effects and can predispose to barotraumas (13).

If it is not possible to reach normoventilation within the
safe parameters as mentioned above, it is recommended to
use the so-called permissive hypercapnia, to avoid additional
iatrogenic lung damage. We accept high Pco, levels, even
up to 70 mmHg;, in order to avoid an aggressive ventilation,
which might decrease Pco,, but with a high cost, in terms
of VALI. This option is acceptable, when Ph is maintained
between above 7.2 and renal function is good enough to
counterbalance respiratory acidosis (41,50-57).

Conclusions

Barotrauma is a complication of positive pressures
ventilation and is related not only to pressure but also to
volume. Dynamic hyperinflation is the major aetiologic
factor of barotrauma. Transpulmonary pressure, tidal
volume and PEEPi are the main determinants of
hyperinflation. Diagnosis is both clinical and radiological.
Pneumothorax or tension pneumothorax must be
suspected in all forms of barotrauma as possible dangerous
complications. Lung protective strategies are essential to
prevent barotrauma. Important parameters include: Ppl

<30 cmH,0, Vt: 6-8 mL/kg, carefully titrated PEEP.
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