
Further reducing tidal volumes beyond the standard 

6  mL/kg is an appealing goal in patients with acute 

respiratory distress syndrome (ARDS) [1]. Such reduc-

tion could decrease the tidal stretch imposed on the lung, 

poten tially attenuating further the ventilator-induced 

lung injury [2]. In fact, tidal volumes of less than 6.5 mL/

kg and as low as 4 mL/kg were recently associated with 

increased survival in patients with ARDS [3]. One of the 

main obstacles to such a strategy is the potential for 

carbon dioxide (CO
2
) retention and severe acidosis. To 

avoid this, specialized techniques, such as high-frequency 

oscillatory ventilation and extracorporeal CO
2
 removal, 

have been previously tested with mixed results [4-6].

In the previous issue of Critical Care, Retamal and 

colleagues proposed that lower tidal volumes could be 

used with conventional positive-pressure ventilation with-

out leading to CO
2
 retention [1]. A reduction in tidal 

volume from 6 to 4 mL/kg was feasible with a decrease in 

the instrumental dead space and an increase in the 

respiratory rate. In patients with ARDS, the dead space is 

a marker of disease severity [7]. Consequently, very low 

tidal volumes can be diffi  cult to use in practice, especially 

in very sick patients, because the necessary increase in 

respiratory rate might cause signifi cant auto-positive 

end-expiratory pressure (auto-PEEP). Luckily, patients 

with severe ARDS also tend to have low lung compliance 

[8], making their lungs infl ate and defl ate fast. Th erefore, 

this restrictive ventilatory pattern allows the safe use of 

high respiratory rates without leading to signifi cant 

auto-PEEP.

Retamal and colleagues [1] should be congratulated for 

their careful design of the ventilator protocol in the 

4  mL/kg phase, which allowed an eff ective CO
2

elimination. Th e bottom line is that if one decides to use 

very low tidal volumes with high respiratory rates, atten-

tion to the details is invaluable. First, the removal of any 

dispensable dead space, including substituting an exter-

nal heated humidifi er by the heat-moisture exchanger, is 

imperative. Second, the use of volume-controlled venti-

lation helps to keep short inspiratory times. Peak airway 

pressures may increase, but the preserved expiratory 

time guarantees low auto-PEEP and, consequently, low 

plateau pressures. For safety, plateau pressures and auto-

PEEP should be measured periodically. Th ird, in selected 

cases with high recruitability, the alveolar dead space can 

be minimized through recruitment maneuvers and 

higher PEEP values. Finally, the use of a short end-

inspiratory pause is encouraged to improve the CO
2

elimination [9]. Th ese measures will improve the safety 

and optimize the CO
2
 elimination of a strategy with very 

low tidal volumes, even with higher-than-normal 

respiratory rates.

However, even successfully avoiding CO
2
 retention, this 

strategy has yet to be proven eff ective in terms of further 

lung protection. We believe that two aspects should be 

taken into consideration. Th e fi rst is whether the strategy 

attenuated the mechanisms of lung injury. Th e authors 

performed computed tomography scans in all patients at 

tidal volumes of both 4 and 6 mL/kg and showed that the 

amount of cyclic recruitment-derecruitment and hyper-

infl ation decreased after reducing the tidal volume. 

Although the absolute reduction was small (less than 1% 
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of the lung weight), this fi nding is suggestive of decreased 

injury per breath. Th e second aspect is that an increased 

respiratory rate can be injurious per se [10]. It would be 

important to know whether the compensatory increase 

of the respira tory rate blunted the protective eff ect per 

breath of the tidal volume reduction.

Th is tradeoff  was emphasized recently in a model of the 

energy delivered by the ventilator as a surrogate for the 

potential lung damage [11]. Decreases in tidal volume 

require disproportionate increases in respiratory rate to 

maintain alveolar ventilation, and so more energy can be 

delivered to the lungs even at reduced stress and strain 

per breath. Th ough purely theoretical, this hypothesis 

helps reconcile our expectation of a further protective 

eff ect of very low tidal volumes with the recent fi ndings 

of harmful or null eff ect of oscillatory high-frequency 

ventilation [5,6]. In these trials, it is possible that the 

reduction in lung injury per breath was off set by the very 

high respiratory rates applied.

Finally, Retamal and colleagues [1] followed their 

patients for 5 to 30 minutes only. Since lower tidal volumes 

tend to promote atelectasis, especially under insuffi  cient 

PEEP [12], a longer observation time perhaps would have 

shown an increase in atelectasis and driving pressures, 

opposing the benefi ts initially achieved.

In conclusion, we are convinced that a strategy with 

very low tidal volumes (4 mL/kg) is feasible with conven-

tional positive-pressure ventilation. Th is strategy could 

be used in patients with high plateau pressures or high 

driving pressures with standard 6  mL/kg tidal volumes, 

but we need more data in terms of lung protection before 

we can recommend this strategy to every patient with 

ARDS.
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