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Introduction
Conflicting data have been published in regard to the 
beneficial or detrimental effect of spontaneous breathing 
(SB) compared with controlled mechanical ventilation 
(CMV) during acute respiratory insufficiency [1, 2].

Spontaneous breathing (SB) has been shown to have 
several beneficial effects such as the improved ventila-
tion–perfusion matching, decreased muscle atrophy and 
decreased ventilator-induced lung injury (VILI) [3, 4].

Spontaneous breathing during airway pressure release 
ventilation (APRV) redistributes ventilation and aeration 
to dependent, usually well-perfused, lung regions close to 
the diaphragm, and may thereby contribute to improved 
arterial oxygenation. Spontaneous breathing also coun-
ters cyclic collapse, which is a risk factor for ventilation-
associated lung injury [5].

However, there is experimental evidence that SB can 
also cause or worsen lung injury during mechanical ven-
tilation [6, 7] through mechanisms that include negative 
intrathoracic and increased transalveolar pressure with 
lack of control of tidal volume (VT), ventilation inhomo-
geneity and cyclic and static overinflation [8].

In animals with mild lung injury, spontaneous breath-
ing was beneficial to lung recruitment; however, in ani-
mals with severe lung injury, spontaneous breathing 
could worsen lung injury, and muscle paralysis might be 
more protective by preventing injuriously high transpul-
monary pressure and high driving pressure [9].

Physiological considerations
One of the major determinants of the VILI is considered 
the transpulmonary pressure 

where PL is the difference between the pressure at the 
airway opening and the pleural or oesophageal pressure 
(used as a surrogate of the pleural pressure).

During SB the airway pressure (Paw) is lower than dur-
ing CMV, but this does not necessarily translate into a 
lower pressure across the lung (i.e. a lower PL).

The total  PL has two components: (a) the pressure gener-
ated to overcome the resistance to airflow between the air-
way opening and the alveoli, and (b) the pressure needed 
to expand the terminal airways (i.e. the transalveolar pres-
sure). Only the transalveolar pressure, which equals the 
product of lung elastance and volume, is dissipated across 
the alveolus and is usually considered to cause VILI [10].

Instead of the absolute value of transpulmonary pres-
sures some investigators identify the lung stress with the 
variation of the transpulmonary pressure between end 
inspiration and end expiration, obtained during occlusion 
manoeuvres. All these manoeuvres are quite complicated 
to perform while patients are breathing spontaneously, 
especially under pressure support ventilation (PSV), and 
their validity is called into question.

Evaluating the clinical outcome of patients with lung 
injury and mild to moderate ARDS receiving various levels 
of PSV, followed by a phase of CMV, Bellani and collabora-
tors [10] recently demonstrated that in intubated patients, 
under similar conditions of flow and volume, transpulmo-
nary pressure change is similar between CMV and PSV.

In a severe ARDS animal model, optimizing positive 
end-expiratory pressure versus low positive end-expir-
atory pressure (PEEP; set after lung recruitment) may 
reverse the harmful effects of spontaneous breathing, 

PL = Pao − Ppl,
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when present, by reducing inspiratory effort, pendelluft 
and tidal recruitment [11].

However, obtaining reliable physiological measure-
ments in patients under noninvasive ventilation (NIV) or 
spontaneously breathing without an endotracheal tube is 
extremely difficult and there is a substantial lack of data. 
Under these conditions the measurement cannot be reli-
ably achieved through the conventional manoeuvres.

The only study that reports some interesting physiolog-
ical measurements was the one published by L’Her et al. 
[12]. These authors in a prospective, crossover, physi-
ologic study conducted in 10 spontaneously breathing 
patients with acute lung injury and a PaO2/FiO2 below 
300–200 showed that noninvasive pressure support 
(NIVPS) of 10–15 cmH2O above a PEEP of 5–10 cmH2O 
were the best combinations to reduce the inspiratory 
muscle effort, oesophageal pressure and dyspnoea and 
improve oxygenation.

Of note, the respiratory rate decreased significantly as 
well as the depth of the inspiratory effort represented by 
the significant swing reduction of the oesophageal pressure 
(Fig. 1). Making an extrapolation from the values and graphs 
reported in the paper, a rough estimation of the transpul-
monary pressure gives an approximate value of 5–7 cmH2O 
which is in a safe range for the pulmonary stress, even 
though tidal volumes were often above 6 ml/kg body weight.

Clinical considerations
What happens in the clinical setting and what is the out-
come when ARDS patients spontaneously breathe with-
out an endotracheal tube? Data from various studies have 
shown some benefits. Noninvasive ventilation and SB 
appear as efficient as the invasive mechanical ventilation 
in ameliorating gas exchanges and reducing complications 
in hypoxemic patients [13]. In a recent real-life multicen-
tre survey on 2813 patients who developed ARDS on day 
1 or 2 after ICU admission, 30% were on spontaneous 
ventilation modes and 436 (15%) were treated with NIV as 
first-line intervention [14]. Of them 300 (69%) remained 
on NIV and were in large part successful. When NIV is 
successful the mortality rate of ARDS patients might be 
below 10% [15]. In a recent randomised controlled trial 
(RCT) conducted on 83 ARDS patients, treatment with 
helmet NIV in comparison to standard facial mask-NIV 
resulted in a significant reduction of intubation rates and 
a statistically significant reduction in 90-day mortality 
with helmet NIV [16]. In an RCT on 293 patients with 
hypoxemic respiratory failure following abdominal sur-
gery, the use of NIV compared with standard oxygen ther-
apy reduced the risk of tracheal reintubation within 7 days 
[17]. In another recent trial on 312 patients with respira-
tory failure, approximately 80% of them had bilateral pul-
monary infiltrates and a PaO2/FiO2 below 200; all were on 

Fig. 1 Flow, oesophageal pressure (Pes) and airway pressure tracing in a patient under spontaneous breathing (initial), pressure support (PSV) 
10 cmH2O/PEEP 10 cmH2O, and PSV 15 cmH2O and PEEP 5 cmH2O. PSV periods were associated with greater flows and decreased Pes swings. Modi-
fied from L’Her [12]
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SB and their mortality rate never exceeded 30% regard-
less of the use of NIV or high flow oxygen therapy [18]. 
Among 374 immunocompromised patients with hypox-
emic acute respiratory failure randomized to receive high 
or low flow oxygen therapy and NIV, the vast majority had 
PaO2/FiO2 below 200 and pulmonary or extrapulmonary 
ARDS. All patients were on SB and their 28-day mortality 
rate remained below 27%, not different from that reported 
in the general ARDS population undergoing invasive 
mechanical ventilation [19].

Conclusions
Data on the induction of VILI under spontaneous breath-
ing are still controversial and those on patients without an 
endotracheal tube are substantially lacking. Whether or not 
the SB represents the real cause of VILI remains uncertain.

An important distinction should be made between 
mild, moderate and severe ARDS. While the experimen-
tal and clinical data are in favour of the beneficial effects 
of spontaneous breathing in the milder forms of ARDS, 
at present there is a consensus on its potential danger 
in severe lung injuries, due to the lack of volume con-
trol and the potential increase of the transalveolar pres-
sures, both conditions capable of inducing VILI. The time 
course of the syndrome and its recovery deeply influence 
the ICU admission and mechanical ventilation. Over this 
period the effects of SB could be from “safe and protec-
tive” to “worsens and harmful”.
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