Noninvasive Positive-Pressure Ventilation
and Ventilator-Associated Pneumonia

Dean R Hess PhD RRT FAARC

Introduction

Methods

NPPV and Ventilator-Associated Pneumonia
Observations

Continuous Positive Airway Pressure and Pneumonia
Summary

There is much interest in the use of noninvasive positive-pressure ventilation (NPPV) to prevent
intubation and afford a survival benefit for patients. The risk of pneumonia in patients receiving
NPPV has been reported in 12 studies. Compared to patients receiving invasive mechanical venti-
lation (4 studies), the pneumonia rate is lower with the use of NPPV (relative risk [RR] 0.15, 95%
confidence interval [CI] 0.04 to 0.58, p = 0.006). Compared to patients assigned to invasive me-
chanical ventilation (3 studies), in which some of the patients assigned to NPPV did not respond and
were eventually intubated, there was also a benefit for the use of NPPV (RR 0.24, 95% CI 0.08 to
0.73, p = 0.01). In studies in which patients assigned to NPPV were compared to patients assigned
to standard therapy (5 studies), in which some of the patients in each group were eventually
intubated, there was benefit shown for the use of NPPV (RR 0.56, 95% CI 0.31 to 1.02, p = 0.06).
When this meta-analysis is repeated without the results of the negative study for NPPV (extubation
failure), there is a stronger benefit in support of NPPV to decrease the risk of pneumonia in the
remaining 4 studies (RR 0.38, 95% CI 0.20 to 0.73, p = 0.003). A meta-analysis combining the
results from the 12 studies reviewed shows a strong benefit for NPPV (RR 0.31, 95% CI 0.16 to 0.57,
p = 0.0002). One randomized controlled trial of continuous positive airway pressure compared with
standard treatment in patients who developed acute hypoxemia after elective major abdominal
surgery reported a lower rate of pneumonia with continuous positive airway pressure (2% vs 10%,
RR 0.19, 95% CI 0.04 to 0.88, p = 0.02). In patients who are appropriate candidates for NPPV or
continuous positive airway pressure, the available evidence suggests a benefit in terms of a lower
risk of pneumonia. Perhaps ‘“‘endotracheal-tube-associated pneumonia” is a better term than ‘“ven-
tilator-associated pneumonia.” Key words: continuous positive airway pressure, mechanical ventilation,
noninvasive positive-pressure ventilation, ventilator-associated pneumonia. [Respir Care 2005;50(7):
924-929. © 2005 Daedalus Enterprises]
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Table 1.  Studies Reporting Nosocomial Pneumonia Rates Associated With NPPV
Patients (n) Pneumonia Rate (%)
Study Patient Population Design
NPPV Control NPPV Control
Brochard et al'® COPD exacerbation Randomized controlled trial 43 42 5 17
Guerin et al!! Medical intensive care unit Prospective cohort 30 199 0 8
Antonelli et al'? Acute hypoxemic respiratory failure Randomized controlled trial 32 32 3 25
Nava et al'3 Intubated COPD patients randomized to Randomized controlled trial 25 25 0 28
extubation and NPPV or remained
intubated
Nourdine et al'4 All mechanically ventilated patients during Prospective cohort 129 607 0 13
study period
Antonelli et al'® Acute respiratory failure in patients with Randomized controlled trial 20 20 10 20
solid-organ transplantation
Hilbert et al'® Acute respiratory failure in Randomized controlled trial 26 26 8 23
immunocompromised patients
Girou et al'” Medical intensive care unit Matched case control 50 50 8 22
Carlucci et al! All mechanically ventilated patients during Prospective cohort 65 380 2 19
study period
Keenan et al'® Post-extubation respiratory failure Randomized controlled trial 39 42 41 40
Ferrer!® Persistent weaning failure Randomized controlled trial 21 22 24 59
Ferrer© Acute hypoxemic respiratory failure Randomized controlled trial 51 54 10 24

NPPV = noninvasive positive-pressure ventilation
COPD = chronic obstructive pulmonary disease

Introduction

There has been much clinical and academic interest in
the use of noninvasive positive-pressure ventilation
(NPPV). Arguably, there is more and better evidence for
this therapy than perhaps any other respiratory care mo-
dality. A prospective survey! for 3 weeks in 42 intensive
care units found that NPPV was used in 16% of mechan-
ically ventilated patients as first-line therapy. In that sur-
vey, NPPV was never used for patients in coma, but was
used in 14% of patients with hypoxemic respiratory fail-
ure, 27% of patients with pulmonary edema, and 50% of
patients with hypercapnic respiratory failure. Endotracheal
intubation was eventually performed in 40% of patients
receiving intubation (ie, a 60% success rate).

Five systematic reviews have been published related to
the use of NPPV for acute respiratory failure.>-¢ They
reached the same conclusions: NPPV decreases intubation
rate and mortality, with the greatest benefit being for ex-
acerbations of chronic obstructive pulmonary disease
(COPD) and for more severe exacerbations.

Nosocomial pneumonia in mechanically ventilated pa-
tients is often due to aspiration of pharyngeal secretions
around the cuff of the endotracheal tube (ETT), rather than
to what is breathed from the ventilator through the air-
way.”? It then follows that the risk of nosocomial pneu-
monia should be decreased if mechanical ventilation is
provided with NPPV rather than through an ETT. Several
studies have reported the risk of pneumonia in patients
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receiving NPPV, compared to patients receiving invasive
mechanical ventilation (Table 1). The purpose of this pa-
per is to systematically review the evidence for reduced
risk of pneumonia in patients receiving NPPV.

Methods

I searched PubMed and the reference lists of systematic
reviews to identify studies that reported pneumonia as an
outcome, used NPPV as a treatment group, and had a
control group. From each study I extracted the methodol-
ogy, patient population, method used to diagnose pneu-
monia, and the pneumonia rates in the NPPV and control
groups. I conducted a meta-analysis for pneumonia rate
comparing NPPV to the control group, using a random-
effects model to calculate relative risk and 95% confi-
dence intervals for the pooled results of the studies (Rev-
Man Analyses software, version 1.0 for Windows, in
Review Manager [RevMan] 4.2.7, The Cochrane Collab-
oration, Oxford, England, 2004).

NPPYV and Ventilator-Associated Pneumonia

In a randomized controlled trial of NPPV, Brochard et
al'% evaluated its use in patients with acute exacerbations
of COPD. Although the criteria for diagnosis of pneumo-
nia were not stated, it was reported that 2/43 (5%) patients
assigned to NPPV developed pneumonia, compared to 7/42
(17%) assigned to standard treatment.
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In a prospective epidemiological survey, Guerin et al!!
evaluated the impact of NPPV on pneumonia rate in a
medical intensive care unit. Respiratory failure was asso-
ciated with a variety of primary diagnoses, including re-
spiratory, neurological, poisoning, cardiovascular, infec-
tion, gastrointestinal, metabolic disturbances, and
miscellaneous causes. Pneumonia was diagnosed when,
after satisfying classical clinical and radiological criteria,
bronchoalveolar lavage and/or protected-specimen-brush
samples grew = 10* and = 10* colony forming units
(CFU)/mL, respectively, of at least one microorganism.
The incidence of pneumonia was 7/38 (18%) in patients
receiving NPPV, then tracheal intubation; 5/23 (22%) in
patients receiving tracheal intubation, then NPPV; 15/199
(8%) in patients receiving only tracheal intubation; and
0/60 in patients receiving only NPPV (p < 0.0001).

In a randomized controlled trial, Antonelli et al!2 com-
pared NPPV and invasive mechanical ventilation in pa-
tients with acute hypoxemic respiratory failure. Causes of
respiratory failure included pneumonia, trauma, cardio-
genic pulmonary edema, and postoperative respiratory fail-
ure. Patients in whom clinical manifestations of pneumo-
nia developed (radiographic evidence of persistent
pulmonary infiltrates, hyperthermia or hypothermia, puru-
lent tracheobronchial secretions, a high white-cell count,
and worsening of pulmonary gas exchange) underwent
bronchoscopy with bronchoalveolar lavage. Pneumonia
was diagnosed when at least 100,000 CFU/mL were mea-
sured in bronchoalveolar-lavage. Pneumonia occurred in
1/32 (3%) receiving NPPV and 8/32 (25%) patients re-
ceiving invasive mechanical ventilation.

Nava et al'3 conducted a multicenter randomized con-
trolled trial to determine whether NPPV improves the out-
come of weaning from invasive mechanical ventilation.
The study population included intubated patients with
COPD and acute hypercapnic respiratory failure. A spon-
taneous breathing trial was conducted 48 hours after intu-
bation. If this failed, extubation to NPPV or invasive pres-
sure-support ventilation were compared. Pneumonia was
defined as the presence of a new and persistent infiltrate
on chest radiography, combined with at least two of the
following conditions: fever, peripheral leukocyte count
higher than 10,000 cells/uL, and tracheal aspirate in which
a Gram-stain showed one or more types of bacteria. The
pneumonia rate was 0/25 in patients extubated to NPPV
and 7/25 (28%) in patients who received conventional wean-
ing with an ETT in place (p < 0.001).

Nourdine et al'* conducted a prospective epidemiologic
survey to observe the pneumonia rate in patients receiving
NPPV, compared to those receiving invasive ventilatory
support. The diagnosis of pneumonia was based on clinical
criteria. Pneumonia occurred in 0/129 patients who re-
ceived only NPPV, 4/25 (16%) patients who received NPPV
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but were subsequently intubated, and 80/607 (13%) in pa-
tients receiving only invasive ventilatory support (p < 0.01).

Girou et al'7 studied the association of NPPV with nos-
ocomial infections in critically ill patients, using a matched
case-control study. Fifty patients with COPD or cardio-
genic pulmonary edema treated with NPPV were com-
pared to 50 patients who received invasive mechanical
ventilation. Patients were matched on diagnosis, Simpli-
fied Acute Physiology Score II, Logistic Organ Dysfunc-
tion score, age, and no contraindications to NPPV. Patients
with new and persistent lung infiltrates on chest radio-
graphs, temperature > 38°C, and macroscopically proven
purulent tracheal secretions were suspected of having pneu-
monia. In patients receiving invasive mechanical ventila-
tion, the diagnosis of pneumonia was confirmed by quanti-
tative protected catheter culture, defined as = 10° CFU/mL.
In patients receiving NPPV, the diagnosis of pneumonia was
based on the administration of new antibiotics in the absence
of other sites of infection. The pneumonia rate was 4/50 (8%)
in patients receiving NPPV and 11/50 (22%) in patients re-
ceiving invasive ventilation (p = 0.04). The rates of urinary
tract infections and catheter-related infections were also lower
in patients receiving NPPV.

Antonelli et al'> conducted a randomized controlled trial
of NPPV for the treatment of acute respiratory failure in
patients undergoing solid-organ transplantation (liver, lung,
kidney). Patients received either NPPV or standard ther-
apy with supplemental oxygen. The diagnosis of pneumo-
nia was made when > 10* CFU/mL were measured in the
bronchoalveolar lavage fluid. The pneumonia rate was 2/20
(10%) for patients in the NPPV group and 4/20 (20%) for
patients in the standard therapy group.

Hilbert et al'® evaluated the use of NPPV in immuno-
suppressed patients (hematologic cancer and neutropenia,
drug-induced, acquired immune deficiency syndrome) with
pulmonary infiltrates, fever, and acute respiratory failure.
This was a prospective randomized trial of NPPV com-
pared to standard treatment with supplemental oxygen.
The diagnosis of pneumonia was determined from radio-
graphic findings of persistent new pulmonary infiltrates,
hyperthermia or hypothermia, worsening of gas exchange,
and confirmed by bronchoalveolar lavage. Pneumonia oc-
curred in 2/26 (8%) patients receiving NPPV and 6/26
(23%) patients receiving standard therapy.

Carlucci et al' conducted a prospective survey over a
3-week period of 42 intensive care units to assess the use
and effectiveness of NPPV. Although no specific criteria
were used for the diagnosis of pneumonia, all centers re-
ported using clinical, biologic, and radiologic criteria to-
gether with quantitative cultures of protected-brush spec-
imens for endotracheally intubated patients. For patients
receiving NPPV, clinicians did not require quantitative
cultures of protected-brush specimens in every case, and
the diagnosis was based on clinical (fever, sputum, lung
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crackles), radiologic (new infiltrate), and biologic (increase
in white blood cells, bacteria in the sputum or in bronchial
aspirates) criteria. Pneumonia occurred in 1/65 (2%) pa-
tients successfully avoiding intubation with the use of NPPV
and 82/423 (19%) patients receiving invasive ventilatory
support (p < 0.002). Of all patients receiving NPPV, 11/
108 (10%) developed pneumonia (43 of 108 patients failed
NPPV) compared to 72/380 (19%) of patients receiving
only invasive mechanical ventilation (p < 0.05).

Keenan et al'® conducted a randomized controlled trial
of the effectiveness of NPPV compared with standard med-
ical therapy to prevent the need for reintubation in patients
who develop respiratory distress within 48 hours after ex-
tubation. Patients were assigned to receive standard med-
ical therapy or NPPV. The diagnosis of pneumonia was
based on clinical criteria. Pneumonia occurred in 16/39
(41%) patients assigned to the NPPV group and 17/42
(40%) of patients assigned to the standard therapy group
(p = 0.61). It should also be noted that this study also
reported no benefit for NPPV for reintubation rate (p =
0.79) or mortality (p = 0.34).

Ferrer et al'® conducted a randomized controlled trial to
assess the efficacy of NPPV in intubated patients who
failed a spontaneous breathing trial for 3 consecutive days.
Patients were extubated to NPPV or remained intubated
and received daily spontaneous breathing trials. Diagnoses
included exacerbation of chronic pulmonary disorders (77%
of cases), congestive heart failure, community-acquired
pneumonia, hospital-acquired pneumonia, postoperative re-
spiratory failure, acute lung injury, thoracic trauma, he-
moptysis, and cardiac arrest. Diagnosis of pneumonia was
based on clinical criteria. Pneumonia occurred in 5/21
(24%) patients extubated to NPPV and 13/22 (62%) who
remained intubated.

A randomized controlled trial by Ferrer et al?° evaluated
the use of NPPV in patients with severe hypoxemic respi-
ratory failure. Causes of respiratory failure included pneu-
monia, cardiogenic pulmonary edema, thoracic trauma,
acute respiratory distress syndrome, acute severe asthma,
postoperative respiratory failure, and interstitial pneumo-
nitis. Patients were assigned to NPPV or high-concentra-
tion oxygen therapy. Diagnosis of pneumonia was based
on clinical criteria. Pneumonia occurred in 5/51 (10%) of
patients assigned to NPPV and 13/54 (24%) of patients
assigned to oxygen therapy.

Observations

Three types of studies are reported in this review. In the
first type, the pneumonia rate in patients receiving NPPV
is compared to the pneumonia rate in patients receiving
invasive mechanical ventilation (4 studies). A meta-anal-
ysis of these studies shows a very strong benefit for the use
of NPPV (relative risk [RR] 0.15, 95% confidence interval
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Fig. 1. Pooled analysis of pneumonia in studies comparing non-
invasive positive-pressure ventilation (NPPV) with invasive me-
chanical ventilation. p = 0.13 for heterogeneity. p = 0.006 for
overall effect. RR = relative risk. Cl = confidence interval.

RR (95% Cl)

Antonelli"? 0.13 (0.02, 0.94)
Nava'd - 0.07 (0.00, 1.11)
Ferrer'® —=——| 040 (0.17,0.93)
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Fig. 2. Pooled analysis of pneumonia in studies where patients
were assigned to noninvasive positive-pressure ventilation (NPPV)
or invasive mechanical ventilation. p = 0.25 for heterogeneity. p =
0.01 for overall effect. RR = relative risk. Cl = confidence interval.

[CI] 0.04 to 0.58, p = 0.006) (Fig. 1). In the second type
of study, the pneumonia rate in patients assigned to NPPV
is compared to the rate of pneumonia in patients assigned
to invasive mechanical ventilation (3 studies). In this type
of study, some of the patients assigned to NPPV were
eventually intubated. A meta-analysis of these studies
shows benefit for the use of NPPV (RR 0.24, 95% CI 0.08
to 0.73, p = 0.01) (Fig. 2). In the third type of study, the
rate of pneumonia in patients assigned to NPPV is com-
pared to the rate of pneumonia in patients assigned to
standard therapy. In this type of study, some of the patients
in each group are eventually intubated; typically, more
patients in the standard therapy group were intubated. A
meta-analysis of these studies shows a benefit for the use
of NPPV (RR 0.56, 95% CI 0.31 to 1.02, p = 0.06) (Fig.
3A). This meta-analysis includes the results of a study!® in
which there was no difference in intubation rate or mor-
tality rate between patients assigned to NPPV or standard
therapy, suggesting that these patients (extubation failure)
are not good candidates for NPPV. When the meta-anal-
ysis is repeated excluding the results of that study,'® there
is a stronger benefit in support of NPPV to decrease the
risk of pneumonia (RR 0.38, 95% CI 0.20 to 0.73, p =
0.003) (see Fig. 3B). A meta-analysis combining the data
from the 12 studies reviewed shows a benefit for NPPV
(RR 0.31, 95% CI 0.16 to 0.57, p = 0.0002).
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Fig. 3. A: Pooled analysis of pneumonia in studies comparing pa-
tients assigned to noninvasive positive-pressure ventilation (NPPV)
or assigned to standard therapy. p = 0.19 for heterogeneity. p =
0.06 for overall effect. B: Pooled analysis of pneumonia in studies
comparing patients assigned to NPPV or assigned to standard
therapy after removal of the study showing no benefit for nonin-
vasive positive-pressure ventilation (NPPV) (failed extubation). p =
0.96 for heterogeneity. p = 0.003 for overall effect. RR = relative
risk. Cl = confidence interval.

Favors Control

Although a few of these studies were designed specif-
ically to assess the effect of NPPV on pneumoniarate,'!-1417
in most of the studies pneumonia rate was a secondary
outcome. Accordingly, many of the studies are under-
powered to detect significant differences in pneumonia
rates. The strength of the meta-analyses reported here is
the ability to pool results from several small studies. These
studies differ in their design and in the populations of
patients enrolled (see Table 1). Despite this, statistical tests
for heterogeneity of results between studies are not signif-
icant for any of the meta-analyses (see Figs. 1-3).

Most but not all of the randomized controlled trials of
NPPV versus standard therapy report a lower intubation rate
for patients assigned to receive NPPV. What is not known is
whether patients who were intubated were also the patients
who developed pneumonia. Likewise, mortality rate is lower
for patients assigned to NPPV, compared to those assigned to
standard therapy, but we do not know that the patients who
die are also the patients with pneumonia.

Continuous Positive Airway Pressure and Pneumonia

Squadrone et al?' conducted a randomized controlled
trial of the effectiveness of continuous positive airway
pressure compared with standard treatment to prevent the
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need for intubation and mechanical ventilation in patients
who develop acute hypoxemia after elective major abdom-
inal surgery. Pneumonia was reported as a secondary out-
come, and its presence was determined by clinical criteria.
Consecutive patients were enrolled who developed severe
hypoxemia after major elective abdominal surgery. The
trial was stopped for efficacy after 209 patients were en-
rolled. Patients who received continuous positive airway
pressure had a lower intubation rate (1% vs 10%, RR
0.099, 95% CI 0.01 to 0.76, p = 0.005) and had a lower
rate of pneumonia (2% vs 10%, RR 0.19, 95% CI 0.04 to
0.88, p = 0.02).

Summary

In patients who are appropriate candidates for NPPV or
continuous positive airway pressure, the available evidence
suggests a benefit in terms of a lower risk of pneumonia.
The available evidence suggests that NPPV is associated
with lower rates of pneumonia, intubation, and mortality.
What remains unknown is whether the lower mortality rate
in patients receiving NPPV is related to a lower pneumo-
nia rate. The available evidence does suggest that the lower
rate of pneumonia is probably related to the avoidance of
intubation. Thus ventilator-associated pneumonia is prob-
ably related to the presence of an ETT rather than the use
of a ventilator. Perhaps “endotracheal tube-associated pneu-
monia” is a better term than “ventilator-associated pneu-
monia.”
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Discussion

Maki: I think you are going to find
that the investigators are a little un-
sure of their data with respect to mor-
tality reduction independent of pneu-
monia. I think it’s very likely to be
true. The question that we must ask
ourselves about these randomized tri-
als is, are we killing people by unnec-
essarily intubating them? And why are
we killing them, or how are they dy-
ing if they are not dying due to pneu-
monia?

Hess: I think that with the appropri-
ate analysis we will see that the mor-
tality is not related to the VAP. There
are other very compelling reasons to
use noninvasive ventilation, such as
because it affords a survival benefit to
patients, whether or not they are dy-
ing because they developed pneumo-
nia.

MaclIntyre: I want to go back to
some of the points I was exploring
yesterday, arguing that the ventilator
and the ventilator settings are an im-
portant part of the problem—not just
the tube. With noninvasive ventilation,
as we all know well, the limited amount

of pressure and volume you can put
into your patient effectively forces the
clinician to use a lung-protective strat-
egy, because you just can’t put exces-
sive pressures and volumes into the
airway without excessive leak.

Hess: Or put it into the belly.

Maclntyre: Or put it into the belly
via the pressure-relief system there.

Pierson:* [ just wanted to reempha-
size something that you have already
pointed out, which is how many pa-
tients often have to be screened—as
in the Brochard et al paper!'—in order
to complete the studies that yield the
compelling data you have shown. I
think that—while it is great that non-
invasive ventilation appropriately ap-
plied is associated with much better
outcomes—even in the hands of good
investigators only a relatively small
portion of all the patients they take
care of would fit the description of
those included in their studies. And in

* David J Pierson MD FAARC, Division of
Pulmonary and Critical Care Medicine, Har-
borview Medical Center, University of Wash-
ington, Seattle, Washington.
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the hands of most practitioners, non-
invasive ventilation is still not thought
of nearly often enough or applied suc-
cessfully nearly often enough, because
of lack of experience and expertise
with the technique.
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Hess: One of the things I glossed
over was patient selection. Patient se-
lection is incredibly important. In the
hour-long talks I give on noninvasive
ventilation I spend about half of the
time talking about patient selection,
and I spend the other half of the time
on technical application.

Maki: I think Neil [MacIntyre] may
have hit on something very important.
I have been impressed by how few
physicians caring for ventilated pa-
tients follow the concept of lung-pro-
tective strategies for ventilatory sup-
port. It’s one further variable. The NIH
[National Institutes of Health] trial’
certainly shows that lung-protective
strategies are beneficial—and that may
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be the problem—an increased risk of
VAP with conventional ventilation
may not be appreciated. Are we put-
ting people at risk for VAP by intu-
bating and using conventional venti-
lation because not very close attention
is paid to lung-protective strategies?
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Hess: I can say something and Neil
can add to it. To support your point is
the paper from Mayo Clinic a few
months ago.! They looked at patients
who were initially intubated who did
not have ALI or ARDS, and the stron-
gest risk factor for developing ALI or
ARDS was the tidal volume the pa-
tient was placed on when mechanical
ventilation was initiated. The greater
the tidal volume was above 6 mL/kg,
the greater the odds of developing ALI/
ARDS.
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Pierson: Following up on Dennis’s
[Maki] comment, I think there are now
several studies, including one from
Harborview,! one from Vermont,? and
one from Minnesota,3 that have shown
how poorly we apply known, proven,
effective therapies with respect to
lung-protective ventilation, even after
widespread dissemination of the re-
sults of the first ARDS Network
study.* The majority of patients with
ARDS, recognized as such in the hands
of the people managing them—some-
times in those same investigative cen-
ters—were not getting anywhere close
to the management protocol used in
the study.>
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Maclntyre: We discussed this yes-
terday, but I think it deserves repeat-
ing. A lot of people feel that the ARDS
Network trial results apply only to spe-
cific ARDS patients. Clinicians at the
bedside often argue that the patient
they are looking at that day doesn’t
meet ARDS Network entry criteria. I
think the important thing to remember
when you think about lung-protective
strategies is that what you’re protect-
ing is the normal lung regions. So it
doesn’t matter what the disease is;
what matters is to protect what’s left
behind, or what is still salvageable.
The more normal regions of the lung
need protection, and that is why I think
these lung-protective strategies apply
to all patients with lung disease who
require mechanical ventilation.

Hess: One of the talks that I give
for our residents is on protecting the
lungs of mechanically ventilated pa-
tients. I first talk about noninvasive
ventilation, then I talk about high tidal
volumes and plateau pressures, and
then I talk about getting the patient
off the ventilator as soon as you can.

I think of all of these things in the
context of lung-protective ventilation
strategies, much the same as you talked
about yesterday.

Kollef: The simple message is that
the ventilator and the endotracheal
tube are bad things, and you want to
minimize patient exposure to them, so
noninvasive ventilation is one ap-
proach. The next approach is to get
them extubated as quickly as possible,
sometimes even using noninvasive
ventilation, as demonstrated in the
study by Nava et al,! where patients
were randomly assigned to have stan-
dard weaning or to be extubated within
1 to 2 days of intubation for an exac-
erbation of COPD and placed on non-
invasive ventilation, or possibly even
using other strategies, such as wean-
ing protocols, optimizing sedation, and
potentially even early tracheostomy,
all of which could provide a package
for minimizing exposure to this harm-
ful medium.
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Hess: Very nice way of encapsulat-
ing a whole bunch of talks over the
last days.

Branson: The benefit seems to be
the maintenance of the intact airway,
but what is the role of humidifiers,
HMEs [heat-and-moisture exchang-
ers], or the ventilator circuit in pre-
venting VAP during noninvasive ven-
tilation?

Hess: 1 think humidification dur-
ing noninvasive ventilation is impor-
tant; you can get a lot of drying of
the upper airway with noninvasive
ventilation. We routinely use humid-
ification when we provide noninva-
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sive ventilation. We don’t do that
with an HME. I think an HME can
be very problematic during noninva-
sive ventilation, as far as triggering
and adding additional dead space;
plus, if you have a nasal interface
and you are exhaling through your
mouth, the HME essentially becomes
nonfunctional.

Niederman: I don’t think you have
to make this question even as compli-
cated as we’re making it. I think the
issue that you raised—that you
couldn’t prove that excess mortality is
related to pneumonia—may not be the
right question. I’'m sure you could
prove that if you’re ventilated and you
get pneumonia, you spend more time
on the ventilator than if you are ven-
tilated and you don’t get pneumonia.
That alone may be the factor that con-
tributes to mortality, because the

longer you are on the ventilator, the
more likely other things will happen. I
don’t think you have to say that if you
ask if the pneumonia killed the patient
that means they died from septic shock
or refractory hypoxemia due to that
pneumonia. If you ask, are you better
off to be ventilated without pneumo-
nia than with pneumonia, the answer
is pretty obvious. Since there are such
a myriad of things that have happened
to patients on ventilators, it’s just not
a good thing to get pneumonia, and it
leads to other bad things that ultimately
lead to their death.

Pierson: If I can just add one more
thing as we’re about to move the con-
ference into interventions for people
who have VAP—

Hess: I guess mine was sort of lack
of intervention.
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Pierson: It strikes me that many of
the most effective things that we have
been talking about at this conference
to reduce the incidence of VAP have
been—rather than specific interven-
tions or products or innovations—
changes in clinician behavior. I think
you can put noninvasive ventilation
into that, in that one has to know
how to do it, think about doing it,
and so forth, and one already has the
equipment, by and large. Certainly
in our previous discussions, lower-
tidal-volume ventilation doesn’t
need any new equipment: you just
set it differently. Increase hand hy-
giene, elevate the head of the bed,
monitor the cuff pressure; these are
not products; these are not expen-
sive new things to order; these are
changes in clinician behavior that all
have pretty good evidence bases at
this point.
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