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As demonstrated by the persuasive essay by Lellouche
and Lipes [1] appearing in this issue, an attractive argu-
ment can be made for using relatively low tidal volumes
in all ventilated patients at risk of ARDS. It is hard to
quibble with the intent or rationale—after all, in any
given individual, tidal volume is achieved by driving
pressure, a key component of the VILI equation. More-
over, no safe threshold for tidal volume has yet been
identified in clinical trials of ALI/ARDS management [2],
and because targeting lower tidal volumes seems to
reduce the incidence of adverse outcomes [3, 4], ‘low’
tidal volumes should be applied to all ventilated patients
potentially at risk. Sounds very reasonable—what is there
not to like?

Unfortunately, the best of intentions can be compli-
cated by inconvenient truth. Simple guidelines may set a
good management direction and starting point, but may
not be necessary or feasible in every case. Let us take
these concerns one at a time—‘necessary’ first. Investi-
gations into the causative relationships among diverse
mechanical forces, machine settings, and cofactors that
impact VILI continue to the present day. It is generally
understood, however, that the damage resulting from
higher tidal volume relates to forces developed at the

level of the terminal airways and alveoli. Repeated
application of peak trans-alveolar pressures and tidal
swings of alveolar pressure that markedly exceed those
encountered during normal tidal breathing will eventually
give rise to hemorrhagic edema and inflammation that
mimic ARDS. But larger tidal volumes develop damaging
stresses only when the capacity of the aerated and recr-
uitable compartments is insufficient to accept them
without excessive strain. It has been estimated that pres-
sure incursions into dangerous territory begin only when
the breath nearly doubles the volume of the resting
aerated compartment [5]. Trans-alveolar pressure is a
function of that ratio. In theory, then, we have two options
to rationally set tidal volume and PEEP in challenging
cases: measure resting lung volume, measure trans-alve-
olar pressure, or both. Thus, the inadvisability of using a
larger tidal volume depends not on a formula of expected
healthy lung size, but rather by the actual size of the baby,
juvenile, or adult lung associated with it.

In healthy, mechanically homogeneous lungs, enor-
mous tidal volumes are required to produce lung-
damaging forces. For example, marathon athletes may
repeatedly take breaths exceeding 2 l ([20 ml/kg) for
hours on end without apparent problems afterward.
Patients at risk of ARDS may be predisposed to injurious
responses to considerably lower tidal volumes by reduced
aerated reservoir (functional residual capacity, FRC),
stress focusing at points of mechanical heterogeneity [6],
and by tissues primed for inflammation by the first hit of
their underlying disease [7, 8]. Yet, until the airspace
begins to flood or consolidate, the aeratable space is sel-
dom reduced by more than half, and when precautions are
taken to avoid fully horizontal positioning and to apply
modest PEEP, tidal re-opening and closure risk is reduced
considerably. The point here is that for many patients the
actual forces encountered during deep breathing are well
tolerated, at least as judged by the transpulmonary pres-
sure generated by the ratio of the stressing volume (set by
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the tidal volume and PEEP combination) to the resting
FRC. The bottom line is that although relatively low
tidal volumes are usually safer, they are not always
necessary.

What about the second concern of ‘feasibility’?
Monotonous tidal volumes are seldom encountered in
nature; variation of VT is the rule. Periodic deep breaths,
or sighs—two to three times normal—are frequently
taken by healthy subjects who breathe with tidal volumes
that average *6 ml/kg. The afferent limb of the sighing
reflex may be debatable, but one function of periodic deep
breathing seems to be maintaining recruitment of depen-
dent lung units [9]. Enforcing consistently small tidal
volumes (without sighs) eventually provokes dyspnea [10,
11]. When using monotonous but relatively large tidal
volumes, the need to sigh is all but eliminated. Such
observations regarding comfort and sighs were the origi-
nal motivation for adopting large tidal volumes in the
early days of ventilation with positive pressure [12]. In
pre-injured lungs, persistently small tidal volumes have
been shown to be associated with lower oxygenation and
reduced compliance [13, 14], presumably due to
advancing atelectasis. If so, the number of ‘stress risers’
may actually increase [6]. As pointed out by Lellouche
and Lipes [1], providing enough PEEP may forestall
atelectasis, and perhaps the discomfort associated with
unremitting inflations with low tidal volumes—but this
remains to be shown.

What seems clear from clinical experience is that
imposing small tidal volumes tends to generate the need
for deeper sedation, even when minute ventilation is
maintained constant by raising breathing frequency. Deep
sedation carries with it a raft of associated problems that
are best avoided [15]. Parenthetically, when opiates are
used in the comforting regimen, any given minute venti-
lation tends to be met by a reduced frequency but higher
tidal volumes. It is concerning that the ultimate in low
tidal volume application, high frequency oscillation (a
technique that requires deep sedation for lengthy periods)
has not been shown to confer outcome advantage, and at

least one well designed and very recently completed
clinical trial suggests the opposite.

The feasibility problem is compounded by high venti-
latory demands. Sepsis, metabolic acidosis, pain, and
agitation may cause minute ventilation to rise two- to
fourfold. Attempting to hold tidal volumes to 6 ml/kg
obligates either a dramatic compensatory increase in
breathing frequency or the acceptance of permissive
hypercapnia and deeper sedation. Simple guidelines such
as 6 ml/kg pbw (predicted body weight) adjust well
enough for problems of obesity and nutritional status.
However, unless tidal volume is also scaled to the minute
ventilation requirement, respiratory rate may be forced
into an intolerable range. For example, the need for
12 l/min ventilation is met with a breathing frequency of
25 breaths/min in an 80 kg patient (tidal volume 480 ml).
But using the same 6 ml/kg formula, 40 breaths/min
would be needed to meet that same 12 l/min in a lean
subject weighing 50 kg (VT = 300 ml). Without con-
straining minute ventilation or increasing VT, the
respiratory rate would rise to an unsustainable level.
Extra-pulmonary gas exchange, which reduces ventilation
requirement, may someday offer a solution to this
conundrum.

I am in full agreement with Lellouche and Lipes [1]
that for anyone, reducing tidal volume will simulta-
neously ease driving pressure, and (assuming atelectasis
can be averted) associated mechanical stresses within the
lung. In some instances when ventilating pressures are
high, doing so should offer prophylactic benefit. But in
our enthusiasm for lung protection, let us not go too far.
Because formulas based on predicted body weight do not
account for the actual size of the aerated space nor
address feasibility issues, we should not confuse a broadly
useful guideline with a prescription for all. Caution is
especially prudent when extending an observation drawn
from clinical trials of lung injury to healthier populations
with greater reserve or to patients with high and irreme-
diable ventilation demands. Numerical guidelines must be
adjusted to accord with inconvenient physiologic realities.
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