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The last two decades have brought new insights into mecha-
nisms of lung injury. These insights have profoundly altered
the ventilator management of patients with adult respiratory
distress syndrome (ARDS). As recently as a few years ago,
ventilator management focused on maintaining blood gas ten-
sions. The recognition that airways and parenchyma can be in-
jured by physical stress has redirected attention to lung me-
chanics and to the determinants of tissue damage, remodeling,
and repair. Although it is difficult to assess the relative effects
of ventilator-induced lung injury (VILI) compared with other
disease mechanisms, a wealth of experimental and clinical
data indicates that VILI indeed exists and that it contributes
to the mortality of patients with ARDS (1–6). Some ventilator
parameters, such as large tidal volumes, are firmly established
as determinants of VILI. Others, such as low positive end-
expiratory pressure (PEEP) or high inspiratory flow, remain
controversial (7–12).

In this perspective, I will argue that many controversies
about ventilation strategy can be traced to uncertainties in the
interpretation of data on regional lung function. I will empha-
size the remaining gaps in our understanding of lung deforma-
tion at the acinar scale. I will argue that the dependent lung
may be derecruited because it is filled with fluid, not because
it is collapsed. In particular, I will raise questions about the in-
terpretation of pressure–volume (PV) curves and about the
mechanisms by which PEEP may benefit lung function.

 

CONVENTIONAL VIEW OF THE REGIONAL MECHANICS 
OF INJURED LUNGS

 

The effects of ventilator settings on regional lung function of
patients with ARDS have been inferred from analyses of com-
puter tomographic (CT) lung images, respiratory system PV
curves, histologic analyses of lung tissue, and indices of pul-
monary gas exchange. The pioneering studies by Gattinoni
and colleagues (13–16) revealed a topographic heterogeneity
in lung injury and reinforced the idea that large portions of an
injured lung are derecruited (i.e., they do not get aerated dur-
ing positive pressure breathing). This important insight formed
the basis for the “baby lung” concept, which explains why the
lungs of patients with ARDS are less compliant and appear to
be particularly prone to injury from overdistension. The same

group of investigators examined the effects of ventilator set-
tings and posture on the regional distribution of thoracic gas
(17, 18) and concluded that dependent portions of the injured
lung are exposed to a compressive pressure and are collapsed
(13–15). They attributed dependent atelectasis to the in-
creased weight of edematous lung and argued that the goal of
PEEP is to counterbalance this superimposed pressure (13, 14,
19). The proposed mechanism appears consistent with the in-
terpretation of whole lung mechanics measurements in pa-
tients and in experimental models of ARDS when studied in
the supine posture. The PV curve of injured lungs is character-
ized by a prominent lower inflection point (LIP), a nonlinear-
ity marking a volume-dependent increase in lung inflation
compliance (9, 20). The pressure near LIP has been regarded
as the critical opening pressure above which most of the col-
lapsed units open up and may be recruited (15, 21, 22).

This interpretation of CT images and PV curves seems to
fit well with the experimental evidence, which suggests that the
application of PEEP has beneficial effects on gas exchange,
lung mechanics, edema formation, and markers of inflamma-
tion (23–28). On the basis of this evidence the hypothesis
emerged that PEEP prevents the repeated opening and col-
lapse of lung units and thereby protects lung tissue from me-
chanical injury. It was pointed out that the local stress associ-
ated with alveolar recruitment could exceed 100 cm H

 

2

 

O if
there was heterogeneity in alveolar volumes on an acinar level
(29). Interdependence arguments originally put forth by Mead
and colleagues dictate that the tissue attachments between
large aerated units and neighboring collapsed units carry a
stress that is substantially greater than the average transpul-
monary pressure (30).

The most direct test of the collapse and shear injury hypothe-
sis was performed by Muscedere and coworkers (26). These
investigators demonstrated epithelial lesions in small airways
and alveolar ducts if 

 

ex vivo

 

 ventilated unperfused rat lungs
were allowed to deflate to pressures below the LIP. The same
model was subsequently used to study the consequences of
PEEP on inflammatory gene expression and cytokine release
(27, 31). The results of this work underscored the importance
of preventing lung collapse and helped establish the concept
of “biotrauma.” Biotrauma is an expansive view of pulmonary
mechano-transduction that emphasizes the delicate interplay
between tissue deformation, edema, inflammation, and me-
chanical properties (32).

In summary, the conventional view of VILI is the follow-
ing. The weight of the lung is increased by edema. As a result,
dependent regions of the lung are compressed and collapse.
Lung injury is caused by large stresses in the parenchyma sur-
rounding atelectatic regions and the large shear stresses re-
quired to reopen collapsed airways and alveoli. This view of
the mechanics of edematous lungs provides the rationale for
the ventilator setting of PEEP in patients with ARDS.



 

1648

 

AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 165 2002

 

CRITIQUE AND ALTERNATIVE INTERPRETATION OF 
OBSERVATIONS ABOUT THE REGIONAL MECHANICS
OF INJURED LUNGS

 

The conventional view of the mechanics of edematous lungs
rests on assumptions and interpretations of observations,
namely, that (

 

1

 

) lung weight is an important determinant of
the topographic distribution of regional volume, (

 

2

 

) the gray
scale of pixels in a CT scan reflects the dimensions of alveoli
and acini in the region, and (

 

3

 

) alveolar collapse and reopen-
ing are the principal mechanisms responsible for abnormal PV
curves in patients with ARDS. In the following paragraphs, I
will raise questions about each of these assumptions.

 

Is Lung Weight an Important Determinant of the Topographic 
Distribution of Regional Volume?

 

Research on normal animals conducted in the 1970s and 1980s
established that lung weight accounts for no more than 20% of
the vertical gradient in pleural pressure and alveolar volume
(33–37). In other words, under normal conditions lung weight
is only a minor determinant of the topographic distribution of
parenchymal stress and strain. This can be appreciated intu-
itively by noting that gravitational gradients in pressure and
volume vary considerably with posture (even though lung
weight is more or less the same in all postures).

Before considering whether lung weight plays a greater
role in injury states, it might be helpful to review some funda-
mental continuum mechanics concepts (37, 38). To an engi-
neer, the 

 

in situ

 

 distribution of lung parenchymal pressure and
volume is a shape-matching problem between two gravitationally
deformed elastic solids: the lungs and the chest wall (including
heart and mediastinum). The cartoon in Figure 1 shows a very
simple, but nevertheless instructive, shape-matching problem
(the fitting of an elastic cone into a rigid cylinder). As long as
the elastic solid (the cone) resists a shape change (behaves like
a solid rather than like a liquid), its stress distribution will be
shape-dependent. Note that the vertical orientation of the
stress and strain gradients need not imply a gravitational mech-
anism. For example, the experiment shown in Figure 1 might
well have been conducted in a gravity-free environment.

The mechanics of lung–chest wall interactions are a bit
more complex than the example of Figure 1 because both
structures are deformable and because the unstressed refer-
ence shape of neither structure is known.* Given the mass of
the abdomen and its mechanical coupling to the lung through
the diaphragm and rib cage, the weight of the abdomen is a
major determinant of thoracic cavity shape and hence of the
shape of the lung. Because the lung resists isovolumic defor-
mations (it is not a liquid), its pressure and volume distribu-
tions depend on thoracic cavity shape. Similarly, the weight of
the heart affects lung shape and the distribution of regional
volume (39–41). Thus, in the normal lung, the weight of the
boundary structures, i.e., chest wall and mediastinum, is more
important than the weight of the lungs themselves (34).

Injured lungs are more likely to maintain their shape after
removal from the thorax than normal lungs. This suggests that
they are less likely deformed by gravity and are more likely to
resist a shape change when they are constrained by a gravita-
tionally deformed thorax (37). To be sure, if the weight of the
lung increases, the pleural pressure gradient would be ex-
pected to increase, but the relation between lung weight and
pleural pressure gradient and the relation between pleural
pressure gradient and regional volume are not straightfor-

ward. Thus, it is worthwhile to examine the CT evidence that
is cited in support of the hypothesis that the weight of the lung
causes collapse of the dependent regions of the lung.

 

Does a CT Image of the Lung Contain Information About 
Alveolar Volume and Its Gravitational Distribution?

 

In the normal lung, the answer to this question is yes. The gray
scale of CT scans of normal lungs at total lung capacity are
quite uniform, and this is consistent with other evidence that
the lung is uniformly expanded at total lung capacity (42, 43).
At volumes below total lung capacity, vertical gradients in
gray scale are consistent with other data on topographic gradi-
ents in regional lung expansion (16). CT data obtained in ani-
mals are consistent with data on pleural pressure gradients
(44). These gradients are particularly pronounced in the su-
pine posture (36).

In a series of papers, Gattinoni and colleagues showed that
in supine patients with ARDS these vertical gradients in gray
scale are steeper than they are in normal volunteers (15, 16).
Gattinoni and colleagues interpreted this finding as evidence
that patients with ARDS had steeper gradients in alveolar
size. However, the correlation between gray scale and alveolar
size (and hence local tissue stress) holds only if the amount of
water per alveolus is uniform. Consider a lung with a vertical
gradient in pulmonary edema. In such a lung a vertical gradi-
ent in gray scale would at least in part reflect a gradient in wa-
ter per alveolus. This simple example shows that gradients in
gray scale correspond to gradients in regional air but need not
imply gradients in tissue expansion or alveolar size.

CT images of the thorax are density maps from which the
topographic distribution of air per unit tissue volume may be
estimated. However, the images do not define tissue state, and
they give no information on tissue extension or strain. There-
fore, it is not possible to measure the amplitudes of regional
lung expansion during mechanical ventilation. In short, CT
provides data on regional air content but not on regional vol-
ume or parenchymal strain.

Given the information content of pulmonary CT images, it
should also be obvious that recruitment, defined as the aera-
tion of previously airless regions, need not imply the reversal
of collapse. Imagine that the region of interest contains a cer-
tain number of alveoli that are already expanded with edema
fluid instead of air. Adding air may expand them further and
lower their mean gray scale, but no inference can be drawn
about their final state. Alternatively, adding air will have no
effect on the fluid-filled alveoli but will further expand alveoli
without fluid. At the scale of CT measurement this will increase

Figure 1. Cartoon of a shape-matching problem between an elastic
solid (cone) and a rigid cylinder. The shape change (from cone to cylin-
der) imposes a nonuniform stress that is not gravitationally deter-
mined. Adapted with permission from Reference 62.

 

* To do so would require measurements of 

 

ex vivo

 

 lung shape and thoracic cavity
shape after lung removal in a gravity-free environment.
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the air density but should also decrease the number of fluid-
filled alveoli within the region of interest, assuming the area of
the region of interest remains constant.

Notwithstanding the uncertainty in the interpretation of
gravitational CT gray scale gradients, it should be noted that
in some lung injury models, vertical gradients in extravascular
lung water were found to be quite small (45). In this context, it
has been suggested that the choice of injury model, PEEP, and
tidal volume settings may determine the extent to which de-
pendent alveolar edema is redistributed to more nondepen-
dent interstitial spaces (46).

 

Does the PV Curve Provide Specific Answers About Regional 
Lung Mechanics and Injury Mechanisms?

 

Numerous mechanisms have been proposed to explain the
change in lung mechanics in the presence of injury and edema.
These include increased minimal surface tension caused by
surfactant inactivation (47), airway block caused by air–liquid
interfaces and bubble formation in small airways (48–50),
bronchoconstriction (51, 52), pneumoconstriction (53), and
peribronchial edema (49). In a series of classic papers, Hilde-
brandt emphasized the importance of surfactant film proper-
ties as the primary source of stress adaptation and viscoelastic
lung behavior (54–57). In other words, recruitment, defined as
the addition of previously derecruited or atelectatic lung units,
is certainly not the principal mechanism that accounts for the
volume and time history of the normal lung.

Because changes in the PV curve cannot 

 

a priori

 

 be attrib-
uted to recruitment as opposed to changes in surface tension
of already recruited units, does the shape of the inflation curve
with its prominent LIP imply a unique mechanism? The an-
swer is probably no. It is certainly true that expanding a lung
from a degassed state initially meets with a large impedance,
but so is the case with inflation of an edematous lung in which
all units are open (58–61). This can be easily demonstrated at
the bench when one inflates a saline-filled lobe with air (Fig-
ure 2, reproduced from Reference 62). The very compliant part
of the PV curve above the LIP is reminiscent of the behavior
of lungs that were rinsed with fluids of fixed surface tension
(63–65). That behavior has been modeled successfully (58).
These properties are the result of a transition from fluid-filled
alveoli to air-filled alveoli with constant surface tension. The
alveolar tissue is fully opened during this transition. This ex-
planation for the knee of the PV curve is quite different from

the explanation that is based on the hypothesis that the alveoli
or airways are collapsed and pop open at a critical pressure.

To summarize, the term recruitment, defined as the aera-
tion of a previously airless gas exchange unit, should not be re-
served for a single mechanism, and a change in the shape of
the PV curve does not mean that recruitment must have oc-
curred.

 

What Inferences May Be Drawn from Histopathologic Studies 
of Lung Tissue?

 

Although the term “atelectasis” is used liberally in reports de-
scribing injured lungs, there is sparse morphometric evidence
of alveolar collapse (as opposed to flooding) in the published
literature (66). In part, this reflects the difficulties in preserv-
ing the 

 

in situ

 

 lung architecture during fixation and/or removal
of the lungs from the chest (67). Muscedere and coworkers
(26) studied isolated, nonperfused, saline-lavaged rat lungs
that were ventilated with PEEP below or above the lower in-
flection point of their static PV curves. Lungs that were venti-
lated without PEEP showed a marked fall in compliance and
severe histologic damage in the form of hyaline membranes,
epithelial denudation, and necrotic debris in distal airways.
The authors suggested that distal airway collapse with result-
ing shear stress on airway walls causes damage and mediator
release and that the same mechanism may contribute to VILI
in patients with ARDS. Although this hypothesis is appealing
and has found broad support in the clinical community, cer-
tain limitations of the experimental model should be noted.
Unlike the 

 

ex vivo

 

 preparation, injured (and flooded) lungs do
not collapse 

 

in situ

 

 to residual volume at every breath. Fur-
thermore, the absence of perfusion (and hence flooding) in
the 

 

ex vivo

 

 model may have amplified an injury mechanism
that may well be of limited importance 

 

in vivo

 

 (

 

see below

 

).

 

What is the Probability That an Alveolus Will Collapse
Without Flooding?

 

Two mechanisms dominate the pathobiology of ARDS: (

 

1

 

)
surfactant dysfunction and (

 

2

 

) altered vascular barrier func-
tion (68, 69). As outlined previously, interdependence argu-
ments predict that for an alveolus to collapse in the face of ris-
ing surface tension, local alveolar pressure must fall by many
tens of cm H

 

2

 

O (30). Given the micromechanics of alveolar
corner vessels and extra-alveolar capillaries, such stress con-
centrations ought to promote flooding, particularly in the pres-
ence of increased microvascular permeability (69). Recall that
much of the surfactant dysfunction in ARDS has been attrib-
uted to flooding and plasma protein–induced changes in sur-
factant physicochemical properties in the first place (47). Con-
trast this scenario with absorption atelectasis complicating
inhalational anesthesia. The reduction in lung volume and the
decrease in mucociliary clearance increase the probability of
liquid bridge formation in dependent small airways. As the
subtended lung unit collapses, there is also a local increase in
vascular filtration pressure. However, in contrast to ARDS,
the vascular barrier function of the lung is normal, so that the
unit can collapse to a much smaller volume (and become
atelectatic) before fluid is drawn into it. Once an alveolus is ei-
ther flooded or atelectatic, the loss of surface tension near al-
veolar corner vessels causes blood flow to decrease (70).

 

LESSONS FROM THE BEDSIDE

 

To date, five randomized clinical trials have addressed the effi-
cacy of so-called lung protective mechanical ventilation strate-
gies in patients (5, 6, 71–73). In general, in all five trials the
conventional treatment arm employed higher tidal volumes and

Figure 2. Pressure–volume curves of a canine caudal lobe containing
air only, saline only, and a air-saline mixture. Note the high initial im-
pedance when air is injected into a saline-filled lung. Adapted with
permission from Reference 62.
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larger alveolar ventilation targets than the so-called lung pro-
tective or low volume arm. Three trials turned out to be nega-
tive; i.e., there was no difference in survival, length of mechan-
ical ventilation, or hospital stay among the treatment groups.
Two trials, a Brazilian single-center study and the ARDS Net-
work trial (5, 6), attributed a statistically significant survival
benefit to the lung protective treatment. A number of design
features appear to distinguish positive from negative clinical
trials. (

 

1

 

) In positive trials there was a greater difference in
tidal volume settings among the treatment groups. The tidal
volume target in the conventional treatment arm of the two
positive trials approximated 12 ml/kg, whereas those of the
three negative trials was only 10.3 (71), 10.8 (73), and 10.2 ml/kg
(72). (

 

2

 

) Judged by the lung mechanics parameters, patients in
the negative trials may have had lesser degrees of injury than
did patients in the positive trials. For example, the respiratory
system compliance (a measure of the size of the baby lung) of
patients randomized to the low volume arms of the two posi-
tive trials averaged approximately 0.4 ml/cm H

 

2

 

O/kg, whereas
it averaged approximately 0.5 ml/cm H

 

2

 

O/kg in the negative
trials. All that can be concluded at this point is that tidal vol-
umes approaching 12 ml/kg are injurious to the lungs of pa-
tients with ARDS.

More relevant to this perspective is that the five randomized
trials have provided little information about “best PEEP.”
The arguments for and against PV curve–based PEEP man-
agement have been elegantly articulated (74). The hypothesis
that the injured lung is fully recruited at pressures greater than
LIP has been rejected (75). High degrees of PEEP and recruit-
ment maneuvers are the centerpieces of the open lung ap-
proach. Yet, in the ARDS Network trial, recruitment maneu-
vers failed to show a sustained benefit on gas exchange in
supine patients (8). Four of five trials (5, 71–73) used similar
and relatively modest PEEP settings (

 

�

 

 10 cm H

 

2

 

O), which
differed little among the treatment arms. In contrast, patients
in the lung protective treatment arm of the Brazilian trial were
managed with high PEEP settings averaging 17 cm H

 

2

 

O. Be-
cause the two positive trials differed dramatically in their ap-
proach to PEEP but were quite similar with respect to tidal
volume, it is hard to conclude anything about best PEEP from
them. Patients in the ARDS network trial were more likely to
receive bicarbonate buffers and respiratory rate adjustments
with the aim of correcting acidemia. It has been argued that
the higher rates might have produced auto-PEEP, but no mea-
surements to support this are available.

 

EVIDENCE IN SUPPORT OF EDEMA AS THE SOURCE 
OF REGIONAL IMPEDANCE IN ARDS

 

Parenchymal Marker Studies

 

Cognizant of CT’s limitations as a measurement tool of re-
gional lung mechanics, our group used the parenchymal marker
technique to quantify both spatial and temporal heterogeneity
in lung deformation in oleic acid–injured dogs (76, 77). The
parenchymal marker technique describes the topographic dis-
tribution of regional volume and ventilation in laboratory ani-
mals. The transthoracic injection of metallic markers and their
subsequent imaging with biplane fluoroscopy make it possible
to track the same anatomic regions in space and time. As a re-
sult, the topographic distributions of volume, ventilation, and
strain may be computed.

We were initially surprised to find that oleic acid injury did
not produce the collapse of dependent lung units in this model
of ARDS (77). However, in hindsight this finding is consistent
with earlier observations by Slutsky and colleagues, who re-
ported significant reductions in intrathoracic gas volume but

found no changes in chest wall dimensions in oleic acid–injured
dogs (78). We have simply extended this finding to a smaller
scale, i.e., regions as small as 1 cm

 

3

 

. The other surprise was
that it proved impossible to demonstrate opening and collapse
on this scale no matter how hard we looked for it. For example,
during sinusoidal oscillations of the respiratory system, 95%
of the regions of the oleic acid injured caudal lobe expanded
within 12

 

�

 

 (phase angle) of each other. This means that during
mechanical ventilation at a rate of 20 per minute, 95% of the
regions reach their peak volume within the same 100-millisec-
ond window. On the basis of these findings, we proposed an
alternative mechanism for the topographic variability in re-
gional impedances and lung expansion after injury, namely,
liquid and foam in alveoli and/or conducting airways. Our in-
ability to demonstrate temporal heterogeneity on a cubic cen-
timeter volume scale does not establish airway liquid and foam
as the prevailing mechanism. The fact that neither temporal nor
spatial heterogeneity was organized along gravitational lines,
however, was difficult to reconcile with the “weight of the lung
hypothesis.”

 

Alveolar Microscopy

 

Most of the evidence I have presented so far, be it pro or con
recruitment and collapse, represents inferences about alveolar
micromechanics from measurements that were made on a
scale several orders of magnitude greater than that of the
structures of interest. It therefore seems prudent to examine
data about lung deformation that were derived from micro-
scopic images. Current views on alveolar micromechanics and
the interactions between surface tension and tissue stress can
be traced to the classic morphometric studies by Bachofen,
Weibel, and colleagues (79–82) and the consequent quantita-
tive analysis by Wilson and Bachofen (83). Accordingly, tension
is carried by a helical network of collagen and elastin fibers
that surround and support alveolar ducts, whereas surface ten-
sion acting in parallel to alveolar walls counterbalances the
hoop stress at the alveolar entrance ring. It is remarkable how
little is known about alveolar deformation during breathing.
Most believe that alveoli unfold in the tidal breathing range
and only get stretched at high lung volumes (84, 85). Others
believe that only the alveolar ducts expand during breathing,
whereas alveolar volume and surface area remain more or less
constant (86). These uncertainties place substantial constraints
on analyses of alveolar mechanics in injury states.

Figure 3 shows subpleural alveoli of two isolated perfused
rat lungs that were imaged with laser confocal microscopy.
The image on the left is a three-dimensional representation of

Figure 3. Laser confocal images of subpleural alveoli of a normal (left) and
an edematous (right) rat lung. The perfusate was labeled with fluorescein
labeled dextran, i.e., edema fluid appears white, the alveolar walls gray,
and air pockets are black. (Gajic and Lee; unpublished observations.)
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a normal lung. The image on the right is a single optical slice
approximately 30 

 

�

 

m below the pleural surface of an injured
lung that had been perfused with a fluorescein labeled dextran
containing solution. Therefore, edema fluid appears white, the
alveolar walls gray, and trapped air black. Note that the alve-
oli of the edematous lung are not collapsed, that they are com-
pletely or partially flooded and that they contain air pockets
of different sizes and shapes. Similar observations were made
by Bachofen and colleagues describing electron micrographs
of edematous rabbit lungs (87). The presence of different-sized
air pockets with different radii of curvature implies a nonuniform
alveolar gas pressure and/or nonuniform surface tension. Re-
gional differences in alveolar protein concentrations or in their
physicochemical properties (e.g., caused by differences in their
state of nitrosylation) could well be the source of nonuniform
surface tension. Nonuniform surface tension might promote the
movement of molecules against concentration gradients and
drive the heterogeneity in regional tissue expansion. Mainte-
nance of a nonuniform alveolar gas pressure in turn raises the
possibility that the airpockets are trapped by liquid and foam.
The possibility that alveolar gas pressures could be nonuniform
in injured lungs was not considered in the CT-based analyses
that led to the dependent lung collapse hypothesis. However,
nonuniform alveolar pressure and trapped gas explains why
lung injury and edema need not raise the vertical gradient in
regional lung volume (77). It also explains why changes in the
gravitational distribution of pleural pressure cannot be inter-
preted as evidence that dependent lung is collapsed.

 

IS THE DISTINCTION BETWEEN EDEMA AND
COLLAPSE IMPORTANT?

 

I have reviewed the evidence that forms the basis for the more
widely accepted hypothesis about the mechanics of edematous
lungs, namely, that the increased weight of the edematous lung
causes collapse and atelectasis in the dependent regions of the
wet lung and that a high opening pressure is required to open
airways that are collapsed. I have also reviewed the data that
contradict this hypothesis and described an alternate hypothe-
sis, namely, that edema fluid and foam fill dependent regions
in the wet lung and that high pressures are required to drive
foam through airways and inflate parenchyma in which sur-
face tension is high and alveoli are fluid-filled.

To be sure, the two hypotheses have points in common. In
both hypotheses, the regions that are collapsed, according to
the first hypothesis, or fluid and foam–filled, according to the
second hypothesis, are unventilated at lower peak airway pres-
sures, and higher airway pressures are required to recruit these
regions. However, the mechanisms of airway opening are dif-
ferent in the two, and these differences imply different mecha-
nisms of VILI. In the case of a collapsed wet tube that is pried
open by the sharp leading edge of a wedge of gas, the pressure
at the air–liquid interface is dissipated over a small area, and the
lining cells in the vicinity of the air–liquid interface experience
a large stress. This process has been modeled quantitatively
(88). However, if the branching network of open airways were
occluded by liquid bridges interspersed with trapped gas, airway
opening pressure would be dissipated over a series of curved
menisci, the volume of tissue that is subjected to stress would be
larger, and the local stresses on the lining cells would be smaller.
In that case, VILI may occur through overdistension of aerated
alveoli, rather than by shear stresses in airways as they open.

From the point of view of the scientist, the question which
of these hypotheses gives a more accurate description of the
mechanics of edematous lungs is central. Perhaps the scientist
has faith that in the long run the question will be resolved.

However, I am concerned that the question also has more im-
mediate and practical consequences. If the first hypothesis is
accepted wholeheartedly and uncritically, research time and
effort may be misdirected. Also, admitting uncertainty about
mechanisms may save the critical care community from the
pitfalls of tunnel vision. Specifically, it may not be crucial to
determine a patient’s PV curve precisely. Also, maximizing
oxygen tension through the use of aggressive recruitment may
be gratifying in the short term, but at this point, who can say
that it prevents lung injury and promotes alveolar repair?
When a clinician asks “how should I ventilate this patient,” the
investigator should contemplate “how does an alveolus de-
form during a breath; what is the accompanying stress; how do
cells sense and respond to this stress; and finally, can the cell
and molecular responses to deformation be manipulated?”
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