
Does Spontaneous Breathing Produce Harm in Patients With the
Acute Respiratory Distress Syndrome?

In this issue of RESPIRATORY CARE, Leray et al1 describe
the case of a patient with acute respiratory distress syn-
drome (ARDS) who developed pneumomediastinum while
receiving a tidal volume (VT) of 14 mL/kg on pressure-
support ventilation. This case raises several provocative
questions. Can spontaneously breathing patients injure their
own lungs? Should transpulmonary pressure be routinely
assessed? Should spontaneous breathing modes be used in
patients with ARDS?

SEE THE CASE REPORT ON PAGE 770

Nearly 25 years ago, some interesting studies related to
ventilator-induced lung injury were conducted by Drey-
fuss et al.2 These investigators subjected rats to large or
small VT ventilation, using identical peak airway pressures
(45 cm H2O) in both groups. Low-VT with high airway
pressure was produced by thoracoabdominal strapping dur-
ing positive airway pressure ventilation. The rats subjected
to high-VT and high airway pressure ventilation quickly
developed permeability pulmonary edema (ventilator-
induced lung injury). However, the animals that under-
went thoracoabdominal strapping and were ventilated with
high airway pressure but a normal VT did not develop
edema, and the ultrastructure of their lungs appeared nor-
mal. Relevant to the paper by Leray et al,1 rats were also
ventilated with a large VT by means of an iron lung. Perme-
ability edema developed in these animals, even when proxi-
mal airway pressure was atmospheric but VT was high.

Exercise-induced pulmonary hemorrhage occurs com-
monly in thoroughbred race horses.3 The mechanism for
this injury is unclear, but perhaps it is related, in part, to
parenchymal injury due to large VT. Lung inflation may
contribute to capillary wall tension and therefore to stress
failure, resulting in damage to capillary endothelial cells.4

Hopkins et al5 performed bronchoalveolar lavage in 6
healthy athletes who had a history suggestive of pulmo-
nary hemorrhage, 1 hour after a 7-min cycling race sim-
ulation, and in 4 normal sedentary control subjects who
did not exercise before bronchoalveolar lavage. The ath-
letes had higher concentrations of red blood cells and total
protein in bronchoalveolar lavage fluid than did the con-
trol subjects. Could the pulmonary hemorrhage be related
to high-VT during exercise?

Since publication of the landmark ARDS Network
study6 more than 10 years ago, VT and alveolar pressure
limitation have become standard of care. However, studies
such as those by Talmor et al7 and Chiumello et al8 have
drawn attention to an important point of respiratory phys-
iology. That is, transpulmonary pressure determines alve-
olar stretch and the potential for lung injury. Transpulmo-
nary pressure is determined by the difference between
alveolar pressure (measured as plateau pressure) and pleu-
ral pressure (measured as esophageal pressure). The study
by Chimello et al8 suggests that transpulmonary pressures
over 27 cm H2O may cause harm. Talmor et al7 have
suggested that, in patients with ARDS, PEEP should be
titrated to transpulmonary pressure using an esophageal
balloon. Indeed, those authors7 have demonstrated that this
approach is safe and may improve oxygenation.

These studies suggest that, in passive ventilated patients,
a higher pleural pressure may be protective. Can we there-
fore conclude that a lower pleural pressure resulting from
spontaneous breathing could be harmful? This has not been
well studied, and the answer to this question is speculative.
However, imagine a patient who is being ventilated with a
pressure-targeted mode such as pressure control, pressure
support, or airway pressure-release ventilation. The venti-
lator will provide flow to maintain airway pressure con-
stant, and the spontaneous breathing efforts of the patient
will lower the pleural pressure, thus increasing transpul-
monary pressure. The pressure support settings used by
Laray et al1 probably resulted in greater transpulmonary
pressure than that achieved during volume-controlled ven-
tilation. As illustrated in Figure 1, a potentially injurious
transpulmonary pressure could be generated using an air-
way pressure that might otherwise be considered safe. This
is theoretical, however, and the extent to which this occurs
clinically is unknown. This is an area of much-needed
research. It is worth noting, however, that Neumann et al9

have reported large pleural pressure swings with airway
pressure-release ventilation.

Does one need to insert an esophageal balloon catheter
to estimate transpulmonary pressure during spontaneous
breathing? It is probably not needed in most cases. Use of
esophageal pressure to estimate pleural pressure is not
without technical problems and problems of interpreta-
tion.10 The use of esophageal pressure to estimate pleural

784 RESPIRATORY CARE • JUNE 2010 VOL 55 NO 6



pressure is confounded due to the pleural pressure gradient
that is normally present, the weight of the mediastinum on
the esophagus in supine patients, and the inhomogeneous
disease process in patients with ARDS. Respiratory vari-
ation in central venous pressure, which is commonly avail-
able in mechanically ventilated patients, may provide in-
formation about pleural pressure changes during the
respiratory cycle. However, this approach does not pro-
vide the absolute pleural pressure.11 Perhaps most impor-
tant, and easiest to monitor at the bedside, is the VT that
results from the patient’s inspiratory effort. If the VT is not
excessive, in most cases the transpulmonary pressure will
be acceptable. Regardless of the ventilator mode, in crit-
ically ill patients the VT target should be 6 mL/kg ideal
body weight for patients with ARDS, and should be
� 10 mL/kg for others.12,13 For severe ARDS, recent ev-
idence suggests that the VT target should be even lower
than 6 mL/kg.14

A proposed benefit of pressure-targeted modes is better
patient-ventilator interaction and the potential for less se-
dation.15 Less sedation is associated with decreased time
on the ventilator16,17 and improved ability to participate in
care, including mobilization and ambulation.18-20 Sponta-
neous breathing also offers the advantage of better venti-
lation of dorsal lung units, resulting in improved alveolar
recruitment and arterial oxygenation. Whether the poten-
tial benefits of spontaneous breathing translate into im-
proved patient outcomes is unknown. The peer-reviewed

literature does not give us clear guidance on whether a
patient with ARDS should be deeply sedated or allowed to
breathe spontaneously. As recently reviewed by Forel
et al,21 there is evidence that paralysis might be beneficial
early in the course of severe ARDS. In one study, paralysis
for the first 48 hours following intubation in patients with
ARDS led to a lower mortality.22 In a patient with ARDS
who is generating a high VT due to spontaneous breathing,
which is the greatest harm? Is it lung injury due to the high
VT or complications related to sedation and paralysis that
may be required to allow a lower VT? Based on available
evidence, the answer remains elusive.

The case reported by Leray et al1 shines light on a
common clinical conundrum. Are spontaneous modes of
ventilation harmful in ARDS? Mindful that a case report is
the lowest level of evidence, practice should not be dic-
tated by a single anecdote. But this case does draw atten-
tion to the potential for lung injury when high VT is de-
livered, regardless of the ventilator mode.
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