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Summary

Ventilator management strategies can affect the risk for ventilator-associated pneumonia in 3 ways:
the development of ventilator-induced lung injury; the need for potentially harmful tradeoffs in
providing lung-protective ventilatory strategies; and the prolongation of the duration of mechanical
ventilation from iatrogenic factors. Strategies to reduce ventilator-induced lung injury include a
smaller tidal volume and careful attention to reducing the maximum pressures in the lung. These
lung-protective strategies, however, may require tradeoffs with factors that may in themselves
produce risks for ventilator-associated pneumonia. Specifically, hypercapnia, discomfort requiring
sedation, and atelectasis may all be potential problems with a lung-protective strategy. However, the
weight of evidence suggests that beneficial outcomes from lung-protective strategies outweigh any
potential harm from these tradeoffs. Finally, properly performed weaning protocols based on
clinical evidence should reduce any iatrogenic delays in ventilator weaning and thereby minimize
prolongation of unneeded mechanical ventilatory support. Key words: mechanical ventilation, ven-
tilator-associated pneumonia, lung-protective ventilation. [Respir Care 2005;50(6):766–772. © 2005
Daedalus Enterprises]

Introduction

Risk factors for ventilator-associated pneumonia (VAP)
include several issues that may be affected by ventilator

management strategies. These include lung injury induced
or worsened by ventilator settings (ventilator-induced lung
injury [VILI]), consequences of using lung-protective ven-
tilator strategies to reduce VILI (eg, respiratory acidosis,
sedation requirements that suppress cough or spontaneous
breathing capabilities, atelectasis), and iatrogenic delays in
the weaning process that unduly prolong invasive ventila-
tory support.1–6 This paper will review these issues in 3
sections: (1) the importance of ventilator management strat-
egies in the prevention of VILI, (2) the various tradeoffs
required to provide lung-protective strategies, and (3) ap-
proaches to facilitate the weaning process so as to avoid
unnecessary delays in withdrawing mechanical ventilatory
support.
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Reducing Ventilator-Induced Lung Injury

It has long been known that the injured lung is at greater
risk for superimposed infection.1–7 Lung injury impairs
host defenses and creates an environment that is ripe for
invasion by microorganisms and the development of pneu-
monia.7 Indeed, in multivariate analyses of VAP, the pres-
ence of underlying lung injury, especially acute lung in-
jury, imposes a several-fold increase in the incidence of
VAP.1–6

VILI is now a well recognized form of acute lung in-
jury.7–10 Two mechanisms appear important in producing
this injury. The first is a physical stretch injury resulting
from lung regions being inflated beyond their physiologic
maximum. Interestingly, this stretch injury is due not only
to maximal end-inspiratory stretch, but may also involve
tidal stretch, rate of stretch, and frequency of stretch.11,12

All of these factors produce a tissue injury characterized
by inflammation, edema formation, hyaline membranes,
and the release of inflammatory mediators into the circu-
lation.13,14 Lungs with a heterogeneous distribution of dis-
ease are at particular risk for this injury, because healthier
regions will be preferentially overdistended when a posi-
tive-pressure breath is delivered.15 The second mechanism
is a shearing injury from repeated opening and closing of
atelectatic alveoli in an injured lung. The use of expiratory
pressure to prevent alveolar derecruitment can help ame-
liorate this injury.8,15–18 A smaller tidal volume (VT) may
also help reduce repetitive opening and closing of atelec-
tatic units by leaving those units permanently collapsed
(fixed atelectasis) (see below).

To minimize this injury potential, mechanical ventila-
tion goals should be 2-fold. The first goal should be to
limit both tidal and maximum distention. The tidal breath
should thus be 6–8 mL/kg (ideal body weight) and the
resulting end-inspiratory plateau pressure should be
� 30–35 cm H2O, in accordance with the National Insti-
tutes of Health (NIH) Acute Respiratory Distress Syn-
drome (ARDS) Network protocols, which have demon-
strated substantial survival benefits to this approach.19,20

The second goal is to provide a level of positive end-
expiratory pressure (PEEP) that provides adequate venti-
lation-perfusion matching but does not contribute to ex-
cessive end-inspiratory overdistention. To this end, the
PEEP-fraction of inspired oxygen (FIO2

) tables used in the
aforementioned successful NIH ARDS Network trials19,20

might have clinical utility (Table 1).
Potential nonconventional respiratory support strategies

and adjuncts that might enhance lung protection include 3
approaches: high-frequency ventilation, airway pressure-
release ventilation, and techniques to alter surface active
properties. High-frequency ventilation, by providing low
maximum pressures and high recruitment pressures, might
be the “ultimate” lung-protective strategy for a positive-

pressure ventilatory support system.21 Indeed, in infants at
risk for overdistention injury, high-frequency ventilation
has been shown to offer benefit,22 and a recent randomized
trial in adults also suggested an outcome benefit.23 Airway
pressure-release ventilation uses a long inspiratory time
and short expiratory time strategy to help alveolar recruit-
ment without necessarily having to increase the potentially
injurious end-inspiratory pressure with increasing PEEP or
VT. Small studies have shown good gas exchange at lower
maximum pressures with airway pressure-release ventila-
tion,24 but outcome data are lacking. Surface active prop-
erties can be altered by surfactant administration,25 and the
need for high distending pressures should be reduced ac-
cordingly. Surfactant replacement in the adult in early tri-
als was unsuccessful, but with newer preparations (that
include surfactant proteins) and better delivery strategies it
may find utility in the future.

Lung-Protective Mechanical Ventilatory
Strategies Require Tradeoffs

To provide lung-protective mechanical ventilatory sup-
port, several tradeoffs may be required that could have
impact on the development of VAP. Three that may have
particular relevance are hypercapnic respiratory acidosis,
sedation requirements, and atelectasis. Each of these will
be reviewed separately.

Hypercapnic Respiratory Acidosis

Lower-VT strategies may result in a lower minute ven-
tilation, with a resulting respiratory acidosis. Indeed, in
almost all reports of lung-protective ventilatory strategies,
a mild to moderate respiratory acidosis was noted in the
lung-protective group.26 This observation has lead to the
term “permissive hypercapnia,” the concept of allowing
hypercapnia to develop in an effort to protect the lung. In
the NIH ARDS Network trial, the low-VT protocol al-
lowed for pH as low as 7.15 to develop before a patient
was declared a ventilatory failure.19 However, in this study
ventilatory failure was very uncommon in patients with
severe ARDS receiving 6 mL/kg VT, and the average pH
in the lower-VT group was less than 0.04 pH units lower
than the average pH in the larger-VT group.

Since a low-VT lung-protective strategy might produce
substantial respiratory acidosis, an important question is
whether this level of acidosis is actually harmful to the
lung. Clearly, severe acidosis (eg, pH � 7.0) can have
profound toxic cellular effects, promote cardiac dysrhyth-
mias, and make a number of medications (including pres-
sors) less effective. The evidence that more modest aci-
dosis (eg, pH 7.15–7.35) causes harm is far less clear, and
the positive outcomes associated with smaller VT suggest
that any harm is outweighed by less VILI. Indeed, a grow-
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ing body of literature from a number of animal studies (not
all of which are consistent) has actually suggested that this
level of acidosis may in some ways ameliorate acute lung
injury from a variety of etiologies, including VILI.27,28

Taken together, the available data, especially the posi-
tive clinical trials showing the benefit to low-VT ventila-
tion, suggest that the degree of respiratory acidosis seen
with protocols such as the NIH ARDS Network is worth
the tradeoff of a mild respiratory acidosis. Of note is that
a new technique, tracheal gas insufflation, flushes the en-
dotracheal tube free of CO2 during expiration, which
thereby reduces dead space and may thus reduce the re-
spiratory acidosis. There are a number of technical prob-
lems remaining with this technique, however, and its role
in respiratory failure is yet to be determined.29

Sedation

Current approaches to mechanical ventilatory support
tend to favor assisted forms of ventilation over controlled
forms of ventilation.30,31 Assisted forms of ventilation al-
low the patient to trigger the ventilator and thus set the
respiratory rate. Assisted forms of ventilation also permit
patient muscle activity, which may forestall atrophy that is
associated with total machine-controlled ventilation.30,31

Assisted forms of ventilation with patient activity present,
however, need to provide inspiratory flow that is synchro-
nous with patient demand, to avoid discomfort and im-
posed muscle loading.30,31

When using lung-protective strategies, there is theoret-
ical concern that the smaller VT may not be as synchro-
nous with patient effort as a larger VT. A resulting concern
would be that this discomfort might require additional sed-
atives, which as noted above, may delay the ventilator-
withdrawal process and thus increase the risk of VAP.

Evidence that a smaller VT is actually less comfortable
than a larger VT, however, is sparse. Indeed, much of this
concern may stem from older approaches of using fixed-
flow volume-assist control breaths, which would often re-
quire a slow flow and/or short inspiratory time to keep the
VT low. Better clinical understanding of patient-ventilator
synchrony has led to strategies that can reduce this asyn-

chrony (eg, pressure-targeting breaths and using pressure-
flow graphics to adjust inspiratory flow patterns).30,31 The
recent introduction of dual-control modes that adjust the
pressure level automatically to a target VT may conceptu-
ally be a very rational way to optimize flow synchrony
while giving smaller VT.32

Even without pressure-targeting features, the ARDS Net-
work low-VT strategy, using skilled respiratory therapists
to optimize flow and timing settings, seems to have not
increased the sedation requirement in the small-VT group
versus the large-VT group. This was demonstrated both in
an analysis of total days of sedation required in all the
ARDS Network sites19 as well as a more careful analysis
of sedation usage in one of the ARDS Network sites (Ta-
ble 2).33

Taken together, a better awareness and understanding of
patient ventilator flow synchrony plus newer techniques to
improve flow synchrony would seem to not require addi-
tional sedatives in order to provide low-VT lung-protective
ventilatory strategies.

Atelectasis

Atelectasis describes lung-unit collapse and occurs when
surface tension forces fall below transpulmonary pressures.
Causes of atelectasis are multiple.34 In acute lung injury,
surfactants break down and inflammatory products desta-
bilize surface tension to produce collapse. Airway secre-
tion clearance difficulties may also block ventilation to
lung units, creating absorption atelectasis. Atelectasis can
also occur when negative pleural pressure falls, as in pneu-
mothorax.

During positive-pressure ventilation, atelectasis is of 2
types: cyclical and fixed. Cyclical atelectasis occurs with
repetitive applications of inspiratory pressure that initially
opens (recruits) lung units but then is followed by collapse
during expiration (derecruitment). Mechanical modeling
studies and numerous animal studies have shown that this
cyclical reopening and closing phenomenon produces sub-
stantial shear stress forces along alveolar walls, which can
also lead to a form of VILI.35,36 Indeed, one of the major

Table 1. The PEEP/FIO2
Tables Used During 2 National Institutes of Health ARDS Network Studies*

FIO2
0.30 0.30 0.40 0.40 0.50 0.50 0.60 0.70 0.70 0.70 0.80 0.80 0.90 0.90 0.90 1.0 1.0 1.0 1.0

PEEP† 5 5 5 8 8 10 10 10 10 12 14 14 14 16 18 18 20 22 24
PEEP‡ 12 14 14 16 16 18 20 20 20 20 20 22 22 22 22 22 24 24 24

*The clinical target is a PaO2 of 55-80 mm Hg or arterial oxygen saturation (measured via pulse oximetry) of 88-95%. If the patient is below these target values, move up the table to the right. If the
patient is above these targets, move down the table to the left.
†PEEP (positive end-expiratory pressure) values, in cm H2O, used in the original ARDS Network tidal-volume trial.19

‡PEEP values, in cm H2O, used in the more recent National Institutes of Health ARDS Network ALVEOLI trial.20

ARDS � acute respiratory distress syndrome
FIO2 � fraction of inspired oxygen
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benefits of reduced-VT ventilation may be a reduction in
this opening-and-closing phenomenon.

Another approach to reducing cyclical atelectasis is to
maintain alveolar recruitment with PEEP.37 A downside to
PEEP, however, is that it raises all intrathoracic pressures,
and thus when coupled with a subsequent VT, can lead to
over-distention VILI, especially in healthier regions of the
lung.15

Acute lung injury being supported with positive-pres-
sure ventilation may also have fixed atelectasis, lung units
that remain closed throughout the respiratory cycle. Fixed
atelectasis may be a consequence of a severe lung injury or
low levels of PEEP, but it may also be a consequence of
a lung-protective strategy with a reduced VT. A key ques-
tion is then whether this fixed atelectasis from a low-VT

lung-protective strategy is a risk factor for subsequent VAP
(ie, Is fixed atelectasis “incipient pneumonia”?).

There are theoretical reasons to be concerned that fixed
atelectasis may predispose to infection. Collapsed lung
units may not have appropriate clearance mechanisms and
may attract inflammatory cells, which might compromise
the normal host defense systems. Clinically, the surgical
literature is replete with reports of postoperative atelecta-
sis being associated with subsequent pneumonia.38,39 One
must be cautious, however, in interpreting these surgical
studies, in that the factors that produce postoperative at-
electasis in this environment (ie, reduced cough, chest-
wall splinting, airway toilet issues) may not be operative in
the fixed atelectasis of acute lung injury. Interestingly,
multiple prediction models for VAP have not shown atel-
ectasis to be an independent risk factor, although it must
be pointed out that atelectasis is often not selected as one
of the risk factors to be included in the model.1–6 Thus,
although theoretically a source for infection, clinical evi-

dence that fixed atelectasis in acute lung injury indeed
leads to pneumonia is sparse.

Lung-protective ventilator strategies involve atelectasis
“tradeoffs.” On one hand, large VT and aggressive PEEP
strategies minimize fixed atelectasis. On the other hand,
however, overdistention VILI may be a consequence of
this approach and, as noted above, a larger VT may in-
crease cyclical atelectasis and resulting opening-closing
VILI.

Fortunately, the ARDS Network studies on ventilator
management have provided considerable insight into these
atelectasis “tradeoffs.” In the original small-versus-
large-VT study,19 it was very clear that the small-VT strat-
egy did indeed produce more atelectasis, as evidenced by
a lower thoracic compliance and lower PaO2

/FIO2
ratio over

the first several days of the trial (Fig. 1). Importantly,

Fig. 1. The ratio of PaO2
to fraction of inspired oxygen (PaO2

/FIO2
or

P/F) in the patients in the small-tidal-volume (6 mL/kg) and large-
tidal-volume (12 mL/kg) groups over the duration of the ARDS
Network VT trial.19 Note that the large VT strategy produced a
better ratio (presumably from less fixed atelectasis) over the first
few days of the trial (* � p � 0.05), even though the ultimate
outcome was worse. (Data from Reference 19.)

Table 2. Sedation Needs for Patients in the Small-Tidal-Volume (6 mL/kg) and Large-Tidal-Volume (12 mL/kg) Groups in One Center in the
National Institutes of Health ARDS Network Tidal-Volume Trial*

Variable Day 1 p Day 2 p

Fentanyl (�g)
6 mL/kg 1,760 (800–3,630) n � 53 1.0 2,763 (1,331–4,975) n � 48 0.32
12 mL/kg 1,560 (869–3,090) n � 47 2,260 (925–3,900) n � 45

Midazolam (mg)
6 mL/kg 16 (4–41) n � 34 0.29 38 (6–72) n � 28 1.0
12 mL/kg 22 (6–49) n � 27 24 (7–73) n � 24

Lorazepam (mg)
6 mL/kg 3 (2–4) n � 21 0.71 6 (2–9) n � 18 0.60
12 mL/kg 2 (1–19) n � 13 7 (3–25) n � 14

Propofol (mg/kg)
6 mL/kg 46 (23–61) n � 9 0.52 51 (35–72) n � 5 1.0
12 mL/kg 29 (8–49) n � 5 50 (40–52) n � 5

*Total includes bolus doses and continuous infusions. Data include only patients who receive each medication.
Values expressed as median (interquartile range). p values by Mann-Whitney test.
Data from Reference 33.
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however, the survival in the small-VT group was signifi-
cantly better than the large-VT group. The conclusion from
this trial is thus that the fixed atelectasis resulting from a
small VT seemed worth it, in that healthier regions of the
lung were protected from excessive pressures from larger
VT. In the second large ARDS Network trial,20 a more
aggressive PEEP strategy was compared to the original
less aggressive PEEP strategy (see Table 1). In both groups
the small-VT protocol was used. The high-PEEP strategy
clearly produced less atelectasis, as evidenced by mark-
edly improved compliance, PaO2

/FIO2
ratios, and a reduced

need for supplemental oxygen. Despite this fixed atelec-
tasis reduction, the outcomes were exactly the same in
terms of mortality and ventilator-free days. Importantly,
indirect evidence of infection (eg, white blood cell count
and fever) was also not increased in the low-PEEP group.
As with a reduced VT, a low-PEEP strategy, with resulting
increase in fixed atelectasis, does not appear to impact
outcome or increase infection.

The weight of evidence thus suggests that the benefits
of lung-protective strategies that might increase fixed at-
electasis outweigh any VAP risk. The clinical goal should
thus be, in all forms of respiratory failure, to use a 6–8
mL/kg (ideal body weight) VT and to set a PEEP level
adequate for an acceptable level of oxygenation, and not
pushed to extremes in order to minimize or eliminate fixed
atelectasis.

Weaning Delays

As respiratory failure stabilizes and begins to reverse,
clinical attention shifts to the ventilator-withdrawal pro-
cess. Unfortunately, a number of large clinical trials have
clearly demonstrated that current assessment/management
strategies are not optimal.40–42 Specifically, withdrawal
potential is often not appreciated by the patient’s clinical
team, the ventilator reduction “rules” may be unnecessar-
ily slow (ie, synchronized intermittent mandatory ventila-
tion rate reductions), and sedation may be excessive.41,42

As a consequence, considerable delay in ventilator with-
drawal occurs. Increased length of stay, costs, and expo-
sure to positive pressure and infection result. Attempts to
increase withdrawal aggressiveness, however, must be bal-
anced against the risk of premature withdrawal, with con-
sequent airway loss, aspiration, and ventilatory muscle fa-
tigue.

A recent evidence-based task force40 has recommended
a 2-step assessment and management process:

1. Consider a patient a candidate for withdrawal if (A)
the lung injury is stable/resolving, (B) the gas exchange is
adequate with low PEEP/FIO2

requirements, (C) hemody-
namics are stable without a need for vasopressors, and (D)
the patient can initiate spontaneous breaths. In patients
meeting all 4 of these requirements, proceed to Step 2

below. In those not meeting all 4 requirements, leave on
current ventilator settings and reassess 24 hours later.

2. In patients meeting all 4 of the requirements in Step
1 above, perform a spontaneous breathing trial, using T-
piece, continuous positive airway pressure, or 5 cm H2O
pressure support for 30–120 min. Assessments should in-
clude the ventilatory pattern, gas exchange, hemodynam-
ics, and comfort. Patients “passing” this trial should be
considered for immediate ventilator withdrawal. Patients
“failing” this trial need to return to a comfortable, stable
level of mechanical ventilatory support for the next 24
hours and then be reassessed again.

Incorporating these concepts into protocols has been
shown to significantly reduce the need for mechanical ven-
tilatory support.43 In addition, small studies have also sug-
gested that deliberately extubating selected chronic ob-
structive pulmonary disease patients who have failed a
spontaneous breathing trial assessment for ventilator dis-
continuation and applying noninvasive mask ventilatory
support might also shorten the need for invasive ventila-
tory support and reduce the development of VAP.44

Summary

Ventilator management strategies can clearly impact the
development of VILI and the duration of mechanical ven-
tilation, both risk factors for VAP. Strategies to reduce
VILI include a smaller VT and careful attention to reduc-
ing the maximum pressures in the lung. These lung-pro-
tective strategies, however, may require tradeoffs with fac-
tors that may in themselves produce risks for VAP.
Specifically, hypercapnia, discomfort requiring sedation,
and atelectasis may all be potential problems with a lung-
protective strategy. Clinical data supporting the concept
that modest respiratory acidosis is harmful are lacking, and
indeed some animal work suggests that this level of hy-
percapnia may even be protective. Careful attention to
ventilator settings to optimize patient-ventilator synchrony
may reduce or even eliminate any need for additional se-
dation with a lung-protective strategy. Finally, atelectasis,
while conceptually a risk factor for subsequent infection,
may not be as important a risk in the patient with acute
lung injury as it is in the postoperative arena. More im-
portantly, clinical trials strongly suggest that a certain de-
gree of fixed atelectasis is well worth the tradeoff if the
lung can be protected from excessive VT and PEEP levels.
In terms of weaning patients who are recovering from
respiratory failure, frequent assessments with spontaneous
breathing trials should serve as a backbone for weaning
protocols and should shorten any iatrogenic delays in ven-
tilator weaning and thus unnecessary prolongations of un-
needed mechanical ventilatory support.
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Discussion

Kollef: We have a lot of difficulty
in diagnosing VAP and ARDS, and
some of the more invasive techniques
might be helpful. Maybe some newer
diagnostic techniques might be help-
ful as well, such as soluble TREM-1.
There’s this issue of whether VAP adds
to the morbidity of lung injury in
ARDS. A while ago I wrote an edito-
rial on this1 because it’s not clear to
me how that all comes into play here.
There is at least one study2 that sug-
gests that if you have pneumonia in
the setting of acute lung injury it might
not add to mortality but might increase
stay.

I don’t know if there’s any data on
this, and maybe other people can com-
ment on whether or not certain bugs
are more likely to contribute to lung
injury when they cause VAP. I’ve
started to think more about that since
we’ve started seeing Panton-Valen-
tine-leukocidin-producing strains of
Staphylococcus aureus, because if they
make their way into the hospital, we
may be seeing a lot more of this in
ventilated patients.
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MacIntyre: Those were insightful
comments, which I can’t add a whole

lot to. There are a lot of questions out
there about the relationship of infec-
tion and underlying acute lung inju-
ry—be it from VILI or any other form
of lung injury.

Solomkin: What was the observed
infection rate in the ARDS Network
trials?

MacIntyre: I studied the ARDS
Network original data, trying to sort
that out, and unfortunately it’s very
difficult to do, because VAP was not
one of the specific things that was be-
ing followed. You can follow things
like white blood cell counts, fevers, or
antibiotic usage, but those are all very
circumstantial reflections of what was
going on in these 1,400 patients. In
the patient population that had a lower
mortality—as you might expect—
there were lower temperatures and
white-blood-cell counts, and things
looked better. But I don’t know how
that ties into the role of pneumonia in
these patients; it’s all inferential.

Pierson:* Most of what you’ve pre-
sented to us with respect to VILI and
the way the ventilator is set has to do
with managing acute lung injury and
ARDS. Just to clarify, are you recom-
mending that all patients on ventila-
tors be managed according to the
ARDS Network protocol or some sim-
ilar low-tidal-volume strategy, unless
there are specific reasons to do other-
wise?

MacIntyre: Yes.

Pierson: So the clinical risk of in-
creased atelectasis (as shown in a re-
cent study1) or other potential adverse
effect from ventilating normal lungs
with smaller-than-usual tidal volumes
is outweighed by the importance of
using small tidal volume to prevent
VILI?

REFERENCE

1. Wongsurakiat P, Pierson DJ, Rubenfeld
GD. Changing pattern of ventilator settings
in patients without acute lung injury:
changes over 11 years in a single institu-
tion. Chest 2004;126(4):1281–1291.

MacIntyre: At the moment I think
the risk of atelectasis is outweighed
by the benefit you get from a lung-
protective strategy. I think the jury is
still out, however. There may be sub-
populations in which that statement is
wrong, but I think the weight of evi-
dence right now is the way I’ve just
indicated. I don’t think atelectasis is
good; if I could get rid of it, I proba-
bly would, because a squashed-up lung
just doesn’t sound healthy to me. But
we have to deal with tradeoffs, and
the tradeoff for reducing atelectasis
may be injury in the uninvolved,
healthy lung regions. What I’ve tried
to present here is my take on the cur-
rent risk/benefit ratio of atelectasis ver-
sus lung protection.

Kallet: That you are recommending
the ARDS Network protocol, essen-
tially carte blanche, for patients, as an-
other member of the ARDS Network—
much lower down on the feeding
scale—I disagree with, and—
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MacIntyre: You ignorant slut!

Kallet: Yes: proven many times
over. You raised the issue of sedation
in relation to Ivan Cheng’s paper,1 I
think it is very important for everyone
to realize that sedation was not con-
trolled in the ARDS Network trial, so
there was a wide variation in practice,
particularly between Moffitt Hospital
at University of California San Fran-
cisco and San Francisco General Hos-
pital. Some clinicians would sedate for
any degree of patient-ventilator asyn-
chrony, whereas other physicians
would tolerate rather severe asyn-
chrony and not treat it. So I think that
clouds the issue of the need for seda-
tion in patients with lung injury.

Also—and I think this is more im-
portant—is that people forget that in
the high-tidal-volume protocol in the
ARDS Network trial2 the tidal vol-
ume could be turned down to 4 mL/kg
to keep the plateau under 50 cm H2O.
I can tell you—because Ivan Cheng’s
paper is based on data from our 1-cen-
ter, 2-hospital ARDS Network site in
California—that some of my patients
at San Francisco General Hospital had
sepsis and decreased chest wall com-
pliance. They were on tidal volume of
12 mL/kg, and within a few hours were
down to 4 or 5 mL/kg, and I think that
probably those patients were sedated
the same way as someone at 6 mL/kg
would be. So I think the issue of se-
dation and low-tidal-volume ventila-
tion is not settled in terms of the ARDS
Network data. Just from my experi-
ence of 9 years of doing this at the
bedside, I do think it is an issue.
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MacIntyre: I am the first to agree
that there are patients who are so hope-
lessly asynchronous with any strategy
that you’ve got to sedate them. Large,
small, or intermediate tidal volumes
can be associated with asynchrony in
some patients. Arguing from individ-
ual experiences is very problematic in
trying to come up with a blanket rec-
ommendation. The fact of the matter
is that when you consider all the pa-
tients, it seems to balance out.

There are people in the high-tidal-
volume group who needed a lot of
sedation; there are people in the low-
tidal-volume group who needed a lot
of sedation. And I would submit to
you, having tried to adopt these phi-
losophies in our unit since the study
came out back in 1999, that we’ve
paid a lot of attention to keeping peo-
ple comfortable with ventilator strat-
egies, not drugs. We like going to pres-
sure-targeted ventilation, and—
contrary to what some believe—you
can set a pressure target to get 6 mL/kg
tidal volume. The synchrony that you
get for the pressure-targeted breath
tends to be a little better than with a
fixed-flow volume breath—tends to.
That’s not true all the time, but it tends
to be.

So I think there are ways of playing
with the ventilator a little bit to make
it a little more comfortable. I would
also point out that the low-tidal-vol-
ume strategy in the ARDS Network
could actually go up to 8 mL/kg if
there were a serious synchrony issue.
That was added on later on in the trial,
when people were complaining that 6
mL was a little difficult. As you prob-
ably know, we euphemistically named
that change the “sucking wind”
amendment, to address that particular
issue. So when I recommend the
6-mL/kg strategy, I’m talking about

the 6 mL/kg strategy with all of its
ramifications.

Kollef: Are you worried that by al-
lowing atelectasis to occur, particu-
larly in patients without lung injury,
that that just drives more antibiotic
use, because people will see infiltrate,
even though it’s atelectasis—and there
may be some low-grade fever with
that—and call it pneumonia?

MacIntyre: You raise a very valid
point, and I am worried about it. I
hope that at the end of this conference
we will be much better at separating
out atelectasis that may not cause much
harm at all from infection that truly
needs to be treated. But you’re right.
It’s yet another part of the tradeoff
picture.

Branson: The reintubation issue to
me has always been one of those things
that is “true, true, and unrelated.”
When the patient gets reintubated, is
that bad because they needed to be
reintubated, or is it bad because of the
reintubation process itself, and does
anybody know if the microbiology
data suggests that pneumonia after re-
intubation is caused by a bolus of oro-
pharyngeal bacteria?

MacIntyre: I think intubation
probably does introduce a bolus of
bacteria into the tracheobronchial
tree. So whether you’re getting re-
intubated because you guessed
wrong and the patient was really too
sick to extubate, or you’re reintubat-
ing because the patient developed
post-extubation stridor, you have ex-
posed the patient to that risk. The
other side of the coin is what you
were alluding to; if you have to re-
intubate because of respiratory fail-
ure, that in itself is an important in-
dependent marker of underlying lung
injury, regardless of any specific re-
intubation risks that may be present.
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