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Critical care is entering a phase of rapid introduction of treatments that have demonstrated efficacy
for reducing mortality and morbidity. Until recently the principal question facing intensivists was
“Does this treatment work?” Though that question is still important, we now must address the same
challenges other fields, notably cardiology, face in implementing these practices at the bedside. This
report reviews the literature on the chasm between evidence and practice, on the barriers to
implementing effective practices in the intensive care unit, and novel strategies to overcome those
barriers. Hundreds of thousands of patients die each year in intensive care units in the United
States, and it is essential that we take a programmatic approach to addressing their health care
needs. Key words: quality assurance, health care, health services research, guideline adherence, evi-
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Introduction

I would like to thank the Egan family and I would like
to thank Ray Masferrer and the entire American Associa-
tion for Respiratory Care (AARC) family for this presti-
gious and important award. Isaac Newton said, “If I have

seen far, it is because I have stood on the shoulders of
giants.” I’m not sure that I have the same vision that Isaac
Newton had when he spoke of Euclid and Pythagoras, but
I too have had the opportunity to stand on the shoulders of
giants in our field. They include people such as Neil MacIn-
tyre at Duke University, where I was a medical resident,
and Len Hudson and Dave Pierson at the University of
Washington, where I did my pulmonary and critical care
training. More importantly, it includes a lot of respiratory
therapists (RTs) along the way who have had the “plea-
sure” of teaching me a lot of bedside respiratory care and
clinical physiology in the middle of the night at the bed-
sides of critically ill patients.

I think it’s a particularly exciting time to be an RT. We
are at the dawn of an exciting era of evidence-based crit-
ical care that is being led by evidence on respiratory care.
I’m going to talk about a scary chasm between what we
should do, what we say we do, and what we really do. I’m
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going to take you through a working example of trying to
bridge that chasm, including the barriers that we’ve en-
countered in trying to close the chasm between evidence
and practice in the real world, and to talk about some
practical solutions that you can do in your own intensive
care units (ICUs).

How Many Patients Do I Need to Treat
to Save One Life?

The story of evidence-based practice in the ICU does
not begin very well. In the terms of clinical epidemiology
we talk about the “number needed to treat,” which is the
number of patients I need to treat with a given therapy to
save one life. For example, across a broad range of pa-
tients with suspected acute myocardial infarction, throm-
bolytic therapy reduces mortality from 11.5% to 9.6%, a
difference of 1.9%.1 Therefore, for every 52 patients with
suspected acute myocardial infarction (1/0.019) one life
will be saved by thrombolytic therapy. In critical care the
story starts out a little bit worse than that. Clinical trials of
human growth hormone with critically ill patients forced
us to invent a new measure, the “number needed to treat to
take a life.”2 That’s because human growth hormone, ap-
plied as it was in the studies, increased mortality. We have
some data that increasing oxygen delivery to certain septic
patients, at least late in the course of their illness, increases
mortality.3 For every 5 people we treated in that fashion
we would take one life. Well, that’s bad news. Let’s look
at pulmonary artery catheterization—a diagnostic proce-
dure that has been performed for over 30 years. Recent
evidence on the number needed to treat to save a life in the
ICU with a pulmonary artery catheter or care guided by
that catheter suggests that the number is infinite because
the studies show no evidence of benefit.4,5 So you can treat
or monitor as many people as you want, but we don’t have
any evidence that it reduces mortality. Five or 10 years ago
this talk would end right here. There really was no prob-
lem translating evidence into clinical practice in the ICU
because the evidence base supporting any specific approach
to mechanical ventilation, weaning, sedation, or transfu-
sion was so small. Of course, that does not mean there was
no evidence to support critical care practice—simply that
the evidence was not particularly strong.

I’m happy to say that today this is a much longer talk.
Many of you are aware of the landmark studies that have,
or should have, changed critical care practice. These are
the studies that show the risks of transfusing non-leuko-
reduced blood, the benefits of a low-tidal-volume, low-
pressure strategy in managing acute lung injury (ALI), the
importance of protocol-based weaning that includes daily
spontaneous breathing trials, and the benefits of noninva-
sive mechanical ventilation for COPD exacerbations.6–9

Of course, that is only a sample of the important clinical

trials that have finally demonstrated that specific ICU ther-
apies can save lives. It is important to note that, at least in
North American ICUs, all of you are the ones who are
responsible for providing, at the bedside, many of these
treatments. For every 5 COPD-exacerbation patients you
treat with noninvasive ventilation, you save one life. For
every 11 ALI patients that you place on a low-tidal-vol-
ume ventilation protocol that targets a tidal volume (VT)
� 6 mL/kg of predicted body weight and plateau pres-
sure � 30 cm H2O, you save one life. Let me describe how
incredibly effective these treatments are. For the most part
our colleagues in cardiology are talking about numbers-
needed-to-treat between 30 and 100 for patients receiving
various treatments for acute myocardial infarction. So now
that we know that we have extremely effective therapies
that that can save lives, it is reasonable to ask whether we
are using them or whether we are just talking about using
them.

Who Cares About Intensive Care?

Is the ICU even worth focusing on as a place for im-
plementing effective practice? There is an Internet Web
site that lists acute respiratory distress syndrome (ARDS)
as a rare disease.10 If that is so, perhaps there are not very
many lives to be saved in correctly managing ALI and
ARDS. Well, I certainly don’t believe that’s the case. Chris
Goss and the ARDS Network have reported on the inci-
dence and outcome of ALI based on ARDS Network screen-
ing.11 Derek Angus and his colleagues in Pittsburgh stud-
ied hospital discharges data to estimate the incidence of
severe sepsis.12 Critical illness syndromes account for a
large number of deaths in the United States. There are
about 383,000 cases of severe sepsis and 180,000 cases of
ALI each year in the United States. The mortality rates
of those syndromes are between 30 and 60%. Hundreds of
thousands of patients die in ICUs each year who could be
saved. That won’t surprise any of you who care for pa-
tients in the ICU, but it clearly shows that if you’re going
to focus your efforts on improving care to save lives, the
focus of that intervention ought to be in the ICU.

So what does all this mean? When one compares the
attributable mortality from critical illness syndromes to the
attributable mortality from more familiar diseases, the ef-
fect of critical illness syndromes on the public health be-
comes apparent (Table 1). This table appears in the back-
ground section of every single grant that I write. Note that
the figures for the attributable mortality from asthma and
breast cancer are on the Center for Disease Control Web
site, but you won’t find the mortality figures for ARDS or
sepsis there.
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The Chasm Between Evidence and Practice

So we know the ICU is an important place, where lots
of deaths occur. We know that we have effective therapies
to implement there. I think the next important question is,
are we really using those therapies? Are we implementing
effective practices in the ICU? The Institute of Medicine
recently published 2 important reports that raise issues
about the quality of medical care in the United States. In
1999 the Institute published To Err Is Human: Building a
Safer Health System,14 and in 2001 it published Crossing
the Quality Chasm: A New Health System for the 21st
Century.15 You probably know the earlier report as the
publication that started the furor over medical error. But of
those 2 publications I find Crossing the Quality Chasm a
far scarier read; it has examples from every medical field
that known effective practices are not being used. Whether
it’s screening mammography, pneumococcal vaccination,
hypertension control, or management of acute myocardial
infarction, we are not implementing effective treatments.
Even in fields where the evidence base is extremely ma-
ture, such as care of acute coronary syndromes, patients do
not routinely receive effective treatments (Table 2).

What about critical care? Well, we look great. The rea-
son we look great is because we’re not even mentioned in
Crossing the Quality Chasm, in which there are 15 refer-
ences to “intensive care,” 3 of which refer to telemedicine
ICUs, and the other 12 are anecdotes about other ICU
practices. There are zero references to sepsis and there is
only one reference to ARDS, which refers to a study about
translating computerized protocols for ARDS. In fact, if
you look through the literature on application of evidence-
based guidelines to ICU practice, we continue to look
terrific, because no one’s really looked. An important study
from a group at Johns Hopkins reviewed the literature on
why physicians don’t follow evidence-based clinical prac-
tice guidelines.16 They identified knowledge barriers (lack
of familiarity with evidence), attitude barriers (lack of
agreement with specific guidelines or guidelines in gen-
eral, lack of motivation, lack of confidence that guidelines

improve outcomes), and behavioral barriers (system fac-
tors, guideline factors, and environmental factors). After
an extensive literature review of 76 articles, 120 surveys,
and 293 barriers they found none that specifically related
to critical care. They couldn’t find any barriers specific to
implementing effective practices in the ICU that met their
search criteria.

I’ll review the small number of studies available on this
subject. One study from the United Kingdom was about
implementing noninvasive ventilation for COPD exacer-
bations.17 It found that 52% of hospitals failed to provide
noninvasive ventilatory support for COPD exacerbations.
In the 48% of hospitals that did provide it, respondents
thought it was underused. Importantly, the investigators
found a variety of barriers to implementing noninvasive
ventilation. They thought the staff weren’t trained ade-
quately to use it, that there were financial barriers in terms
of hiring enough staff to implement it, and that some staff
were not persuaded by the current evidence of the benefits
of noninvasive ventilation. This is particularly surprising
since a lot of the data supporting noninvasive ventilation
for COPD comes from the United Kingdom. Like the United
States, the United Kingdom has implemented limitations
on residents’ clinical hours, and the survey disclosed that
that limited the use of noninvasive ventilation. Other fi-
nancial cutbacks led to reduced staff hours for physiother-
apists and nurses, who are essential to the effective im-
plementation of noninvasive ventilation. It is extremely
important to identify these barriers, because solutions will
need to be targeted to the specific problems. For example,
many of the barriers identified in that study on noninva-
sive ventilation have solutions that need to be addressed at
the policy, staffing, and reimbursement level rather than at
the individual hospital level.

There is fairly compelling evidence that use of the semi-
recumbent position reduces the risk of ventilator-associ-
ated pneumonia. The data may not be overwhelming, but
the intervention is certainly inexpensive and safe.18 Debo-
rah Cook and her colleagues presented one of the few
studies on why we have trouble implementing this simple

Table 1. Attributable Mortality of Critical Illness Syndromes Versus
Other Diseases

Disease
Attributable

Mortality

Acute lung injury 17,000–43,000
Acute respiratory failure 60,000–120,000
Breast cancer 41,528
HIV 14,802
Asthma 4,657

HIV � human immunodeficiency virus (Data from Reference 13).

Table 2. Rates of Use of Effective Therapy Among Eligible Patients
With Acute Coronary Syndromes

Therapy
Rate of

Use
(%)

Aspirin 67–83
Thrombolytic therapy 43–64
Heparin 24–63
ACE inhibitors 59–65
Beta blocker 21–60

ACE � angiotensin-converting enzyme (Adapted from Reference 15).
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intervention.19 My favorite finding in the study was that,
on the one hand, the nurses thought that the main deterrent
to implementing semirecumbency was that physicians were
not ordering semirecumbency, while on the other hand
physicians thought the main deterrent was nursing prefer-
ence. We must address such “disconnects” in communi-
cation and perception.

Of course you are all aware of the ARDS Network study
that showed for the first time in a large multicenter clinical
trial that a ventilator intervention can reduce ALI mortal-
ity.8 In that study a VT of 6 mL/kg of predicted body
weight and plateau pressure � 30 cm H2O was associated
with a 31% mortality, and a VT of 12 mL/kg predicted
body weight was associated with 40% mortality. Given
that we have few other interventions that have been shown
to reduce ALI mortality, this is a big deal. Unfortunately,
but perhaps not surprisingly, hospitals do not appear to be
implementing lung-protective ventilation for ALI.20 And
the story for mechanical ventilation of ARDS patients is
even worse. One of the criticisms of the ARDS Network
trial was that it tested a hypothesis that we supposedly
already knew to be true—that large VT is injurious and
that ALI patients should be ventilated with lower VT and
lower pressure than other patients.21 However, data from a
large number of mechanically ventilated patients indicate
that it is a lesson we have not learned very well. Figure 1
compares 3 heterogeneous cohorts of mechanically venti-
lated patients who had ALI, ARDS, acute respiratory fail-
ure, or COPD.22–24 Note that the VT is in mL/kg of mea-
sured body weight, not predicted body weight, so you can
add about 20% to the VT values. On average we ventilate
everyone with about 8 mL/kg, about 50% oxygen, and
positive end-expiratory pressure (PEEP) of about 5 cm
H2O, regardless of their diagnosis. The recommendation
to treat ALI patients with lower VT and lower pressure
preceded the ARDS Network data that showed that doing
so saves lives.25 It seems that “everyone knows” that we
should use lower VT to treat ALI; however, patients with

ALI in large heterogeneous international cohorts receive
about the same ventilator settings as patients with other
causes of acute respiratory failure. And remember that (at
least a decade ago) the average adult male in the United
States was 69 inches tall and weighed 180 pounds and the
average adult female was 63.7 inches tall and weighed 152
pounds. That 8 mL/kg (average ARDS ventilator settings
around the world) would provide the man with a 650 mL
VT, whereas the ARDS Network findings indicate that he
should receive 430 mL (ie, 33% lower), and the woman
would receive 550 mL VT, whereas the ARDS Network
findings indicate that she should receive 330 mL (ie, 23%
lower). Thus the average VT used with ARDS patients
reflects considerable deviation from the conclusions of the
ARDS Network study. Of course, we don’t know whether
those deviations are clinically important, and those aver-
ages have fairly substantial deviations around the mean,
suggesting that some patients were receiving VT in the
range of 10–12 mL/kg predicted body weight.

Why Don’t We Do What We’re Supposed to Do?

If we agree that there is strong evidence for effective
ICU treatments, and we agree that we are not implement-
ing many of those treatments, and that—compared to other
fields—we have not really examined why we aren’t chang-
ing our practice, let’s move on to consider the barriers that
are preventing us from changing our ICU practice. I think
one of the more interesting issues is recognition. In the
ICU we treat clinical syndromes such as ARDS, sepsis,
and multiple organ failure. These aren’t diseases that are
readily diagnosed with blood tests. They are syndromes
that, arguably, up until recently were not that important to
diagnose. Of course it is important to diagnose infection or
hypovolemia or hypoxemia, but until recently (I would
argue) the diagnosis of ALI was irrelevant because we did
not have a specific therapy to offer patients who had that

Fig. 1. Comparison of tidal volume, positive end-expiratory pressure (PEEP), and fraction of inspired oxygen (FIO2
) in large cohorts of

mechanically ventilated patients. ALI � acute lung injury. ARDS � acute respiratory distress syndrome. ARF � acute respiratory failure.
COPD � chronic obstructive pulmonary disease. (Data on Scandinavia, Australia, and International are from References 21, 22, and 23,
respectively).
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diagnosis. Similarly, though it is essential to diagnose in-
fection, deciding whether a patient meets criteria for se-
vere sepsis is only important if you have a therapy such as
activated protein C or corticosteroids to offer. We know
there are problems in the definition and recognition of
ALI.26,27 One study at a Veterans Hospital in Puerto Rico
identified 21 patients who met criteria for ARDS, but only
4 of those patients had that diagnosis entered in the chart.28

Recognizing critical care syndromes has always been dif-
ficult—but now it is clinically important.

RTs spend a lot of time documenting in the medical
record. The AARC recommends charting over 50 vari-
ables in mechanically ventilated patients, including stan-
dard factors such as ventilator settings and obscure data
such as pallor and skin color.29 Very little is known about
how these recommendations are used in practice. My col-
league Saadia Akhtar was interested in whether a group of
community and academic hospitals in King County, Wash-
ington, implemented those guidelines. She surveyed respi-
ratory therapy directors and examined both blank flow
sheets and ICU flow sheets from ARDS patients. There
were 3 important findings:

1. The surveyed directors thought they were doing a
better job than they really were.

2. There was tremendous variability in which of the
AARC-recommended variables were actually charted
and how often they were charted.

3. Important variables were not being charted for ARDS
patients. For example, though nearly every chart re-
corded FIO2,

peak inspiratory pressure, and PEEP,
only 10 of 17 hospitals routinely recorded plateau
pressure, 3 of 17 routinely recorded intrinsic PEEP
or total PEEP, and none recorded VT in mL/kg.30 If
RTs don’t chart it, physicians can’t act on it! Of
course, if no one asks RTs to chart it then they prob-
ably won’t. It seems clear to me that the AARC
should revisit this list of documentation guidelines
and consider revising them based on which variables
we now have evidence for following.

Let’s look at one more (and rather interesting) barrier.
Many of the interventions we have been talking about so
far are protocols—ways of organizing and implementing
practice. They aren’t new ventilators, new drugs, or new
devices. We know who will market a new, expensive,
antiplatelet drug or coronary stent for acute myocardial
infarction. We know who will market a new, fast-acting
sedative drug, percutaneous tracheostomy kit, or sepsis
drug. The pharmaceutical and medical device industry has
a very competent and efficient marketing and sales system.
But who will market turning down VT? Who will market
turning off sedation? Who will market daily spontaneous
breathing trials? In fact, we know quite a bit about chang-
ing clinical behavior.31 Perhaps the most humbling fact
that we’ve learned from those studies is that what I and

most of my academic colleagues spend a great deal of time
doing (namely, giving lectures and writing reports) has
very little effect on what all of you do. Interventions that
are effective are prompts or reminders that occur at the
time a decision needs to be made, feeding back data to
providers on current practice and combining multiple in-
terventions (Table 3).

A Peek at a Possible Solution

Let me tell you a little about a study that is in progress.
It is called the King County Lung Injury Project: Improv-
ing Ventilator Management. In it we are trying to increase
the use of lung-protective ventilation with ALI patients.
To identify the barriers to implementing lung-protective
ventilation, we studied RTs and nurses who should have a
lot of knowledge about it: the nurses and RTs at ARDS
Network sites. In a study that is in press at Critical Care
Medicine32 we identified barriers to implementing lung-
protective ventilation with the ARDS Network protocol
including: physician reluctance to give up control over
ventilator settings; failure to recognize ALI; lack of knowl-
edge about the benefits of lung-protective ventilation; lack
of a written protocol to implement lung-protective venti-
lation; and nurse and RT concerns about patient comfort,
tachypnea, respiratory acidosis, and hypoxemia. So we
knew we would have to address each of those. At each site
we recruit RTs and nurses to serve as “screeners”; they
undergo computer-based training on how to identify ALI.
Each day they prompt/remind physicians that certain pa-
tients benefit from lung-protective ventilation. It is impor-
tant that this is merely a prompt: physicians can practice as
they see fit. The goal of the intervention is not to tell
physicians what to do but to make it easy for them to
provide lung-protective ventilation when they want to. We
work with each site to develop a set of lung-protective-
ventilation orders. Because nurses and RTs are concerned
about patient comfort during lung-protective ventilation,
we also developed a training video that includes inter-
views with ALI survivors and their families. Dean Hess, a

Table 3. Effectiveness of Various Interventions on Changing
Clinical Practice

Little or No Effect Variable Effect
Consistently

Effective

Education Feedback on
practice

One-on-one
detailing

Pamphlets Local opinion
leaders

Reminders

Lectures Local consensus on
practice

Combinations of
interventions

(Adapted from Reference 31).
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well known RT educator from Massachusetts General Hos-
pital, helped us make the training video that gives RTs tips
for implementing lung-protective ventilation. Finally, we
provide data on implementation to each site as they progress,
so they know how well they are doing. What is important
about this study is that it primarily involves community
hospitals that have a wide range of organization of ICUs.
The study is about three-quarters completed, and the pre-
liminary data look promising.

Conclusion

These are exciting times for respiratory care personnel,
but they are times that place new responsibilities on all of
you. The benefits of RT-based interventions such as lung-
protective ventilation, noninvasive ventilation, and proto-
col-based weaning make implementing these at the bed-
side essential. You must be skilled enough, educated
enough, and there must be enough of you at the bedside to
take an active role in protocol implementation. You must
be able to work in multidisciplinary teams to develop local
protocols, to understand the physiologic and clinical prin-
ciples that inform protocols so that you know which pa-
tients don’t fit the protocols, and you must know the ev-
idence well enough to constructively engage your
colleagues and ensure that evidence is implemented into
practice. In essence, you have to live up to the responsi-
bility that running the protocols places on you.

The ICU is a high-mortality, high-cost, target-rich en-
vironment for improving the quality of care. We now have
the luxury of a growing evidence base in critical care that
makes the question “Are we implementing effective prac-
tices?” as important as the question “Which practices are
effective?” Many of the current effective practices in the
ICU are “low tech.” Protocol-based, they require a team
management approach. Because they are not marketed by
industry, they’ve got to be “marketed” by all of you here
today. There are limited data on whether effective prac-
tices are being implemented in ICUs and on how to change
ICU practice, but the evidence base is growing. So the
ICU presents unique challenges to people like me who
want to study it, which makes for exciting research.

I will conclude by acknowledging the numerous people
who worked with me over the years, particularly my “right
and left hands,” Ellen Caldwell, and the RTs, nurses, and
physicians at all of our hospital sites, who have all been
terrific to work with.

REFERENCES

1. Fibrinolytic Therapy Trialists’ (FTT) Collaborative Group. Indica-
tions for fibrinolytic therapy in suspected acute myocardial infarc-
tion: collaborative overview of early mortality and major morbidity
results from all randomised trials of more than 1000 patients. Lancet
1994;343(8893):311–322. Erratum in: Lancet 1994;343(8899):742.

2. Takala J, Ruokonen E, Webster NR, Nielsen MS, Zandstra DF,
Vundelinckx G, Hinds CJ. Increased mortality associated with growth
hormone treatment in critically ill adults. N Engl J Med 1999;341(11):
785–792.

3. Hayes MA, Timmins AC, Yau EH, Palazzo M, Hinds CJ, Watson D.
Elevation of systemic oxygen delivery in the treatment of critically
ill patients. N Engl J Med 1994;330(24):1717–1722.

4. Sandham JD, Hull RD, Brant RF, Knox L, Pineo GF, Doig CJ, et al;
Canadian Critical Care Clinical Trials Group. A randomized, con-
trolled trial of the use of pulmonary-artery catheters in high-risk
surgical patients. N Engl J Med 2003;348(1):5–14.

5. Richard C, Warszawski J, Anguel N, Deye N, Combes A, Barnoud
D, et al; French Pulmonary Artery Catheter Study Group. Early use
of the pulmonary artery catheter and outcomes in patients with shock
and acute respiratory distress syndrome: a randomized controlled
trial. JAMA 2003;290(20):2713–2720.

6. Brochard L, Mancebo J, Wysocki M, Lofaso F, Conti G, Rauss A, et
al. Noninvasive ventilation for acute exacerbations of chronic ob-
structive pulmonary disease. N Engl J Med 1995;333(13):817–822.

7. Hebert PC, Wells G, Blajchman MA, Marshall J, Martin C, Pagli-
arello G, et al. A multicenter, randomized, controlled clinical trial of
transfusion requirements in critical care. Transfusion Requirements
in Critical Care Investigators, Canadian Critical Care Trials Group.
N Engl J Med 1999;340(6):409–417. Erratum in: N Engl J Med
1999;340(13):1056.

8. The Acute Respiratory Distress Syndrome Network. Ventilation with
lower tidal volumes as compared with traditional tidal volumes for
acute lung injury and the acute respiratory distress syndrome. N Engl
J Med 2000;342(18):1301–1308.

9. MacIntyre NR, Cook DJ, Ely EW Jr, Epstein SK, Fink JB, Heffner
JE, et al. Evidence-based guidelines for weaning and discontinuing
ventilatory support: a collective task force facilitated by the Amer-
ican College of Chest Physicians; the American Association for Re-
spiratory Care; and the American College of Critical Care Medicine.
Chest 2001;120(6 Suppl):375S–395S.

10. National Organization for Rare Disorders. Available at: www.
rarediseases.org. Accessed May 7, 2004.

11. Goss CH, Brower RG, Hudson LD, Rubenfeld GD; ARDS Network.
Incidence of acute lung injury in the United States. Crit Care Med
2003;31(6):1607–1611.

12. Angus DC, Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J,
Pinsky MR. Epidemiology of severe sepsis in the United States:
analysis of incidence, outcome, and associated costs of care. Crit
Care Med 2001;29(7):1303–1310.

13. Rubenfeld GD, Neff MJ. Epidemiology of acute lung injury: a public
health perspective. In: Matthay MA, editor. Lung biology in health
and disease. New York: Marcel Dekker; 2002.

14. Kohn L, Corrigan J, Donaldson M, editors. To err is human: building
a safer health system. Washington DC: National Academy Press;
1999.

15. Institute of Medicine (U. S.). Committee on Quality of Health Care
in America. Crossing the quality chasm: a new health system for the
21st century. Washington DC: National Academy Press; 2001.

16. Cabana MD, Rand CS, Powe NR, Wu AW, Wilson MH, Abboud
PA, Rubin HR. Why don’t physicians follow clinical practice guide-
lines? A framework for improvement. JAMA 1999;282(15):1458–
1465.

17. Doherty MJ, Greenstone MA. Survey of non-invasive ventilation
(NIPPV) in patients with acute exacerbations of chronic obstructive
pulmonary disease (COPD) in the UK. Thorax 1998;53(10):863–
866.

18. Hubmayr RD, Burchardi H, Elliot M, Fessler H, Georgopoulos D,
Jubran A, et al; American Thoracic Society Assembly on Critical
Care; European Respiratory Society; European Society of Intensive

TRANSLATING CLINICAL RESEARCH INTO CLINICAL PRACTICE IN THE ICU

842 RESPIRATORY CARE • JULY 2004 VOL 49 NO 7



Care Medicine; Societe de Reanimation de Langue Francaise. State-
ment of the 4th International Consensus Conference in Critical Care
on ICU-Acquired Pneumonia–Chicago, Illinois, May 2002. Inten-
sive Care Med 2002;28(11):1521–1536.

19. Cook DJ, Meade MO, Hand LE, McMullin JP. Toward understand-
ing evidence uptake: semirecumbency for pneumonia prevention.
Crit Care Med 2002;30(7):1472–1477.

20. Weinert CR, Gross CR, Marinelli WA. Impact of randomized trial
results on acute lung injury ventilator therapy in teaching hospitals.
Am J Respir Crit Care Med 2003;167(10):1304–1309.

21. Tobin MJ. Culmination of an era in research on the acute respiratory
distress syndrome (editorial). N Engl J Med 2000;342(18):1360–1361.

22. Luhr OR, Antonsen K, Karlsson M, Aardal S, Thorsteinsson A,
Frostell CG, Bonde J. Incidence and mortality after acute respiratory
failure and acute respiratory distress syndrome in Sweden, Denmark,
and Iceland. The ARF Study Group. Am J Respir Crit Care Med
1999;159(6):1849–1861.

23. Bersten AD, Edibam C, Hunt T, Moran J; Australian and New Zea-
land Intensive Care Society Clinical Trials Group. Incidence and
mortality of acute lung injury and the acute respiratory distress syn-
drome in three Australian states. Am J Respir Crit Care Med 2002;
165(4):443–448.

24. Esteban A, Anzueto A, Frutos F, Alia I, Brochard L, Stewart TE, et
al; Mechanical Ventilation International Study Group. Characteris-
tics and outcomes in adult patients receiving mechanical ventilation:
a 28-day international study. JAMA 2002;287(3):345–355.

25. Slutsky AS. Mechanical ventilation. American College of Chest Phy-
sicians’ Consensus Conference. Chest 1993;104(6):1833–1859. Er-
ratum in: Chest 1994;106(2):656.

26. Rubenfeld GD, Caldwell E, Granton J, Hudson LD, Matthay MA.
Interobserver variability in applying a radiographic definition for
ARDS. Chest 1999;116(5):1347–1353.

27. Ferguson ND, Meade MO, Hallett DC, Stewart TE. High values of
the pulmonary artery wedge pressure in patients with acute lung
injury and acute respiratory distress syndrome. Intensive Care Med
2002;28(8):1073–1077.

28. Cedeno A, Galera A, Torres A, Rodriguez-Cintron W. Acute lung
injury/acute respiratory distress syndrome: a need for education. P R
Health Sci J 2002;21(4):305–308.

29. American Association for Respiratory Care. AARC Clinical Practice
Guideline: Patient-ventilator system checks. Respir Care 1992;37(8):
882–886.

30. Akhtar SR, Weaver J, Pierson DJ, Rubenfeld GD. Practice variation
in respiratory therapy documentation during mechanical ventilation.
Chest 2003;124(6):2275–2282.

31. Bero LA, Grilli R, Grimshaw JM, Harvey E, Oxman AD, Thomson
MA. Closing the gap between research and practice: an overview of
systematic reviews of interventions to promote the implementation
of research findings. The Cochrane Effective Practice and Organi-
zation of Care Review Group. BMJ 1998;317(7156):465–468.

32. Rubenfeld GD, Cooper C, Carter G, Thompson BT, Hudson LD.
Barriers to providing lung protective ventilation to patients with
acute lung injury. Crit Care Med (2004, in press)

TRANSLATING CLINICAL RESEARCH INTO CLINICAL PRACTICE IN THE ICU

RESPIRATORY CARE • JULY 2004 VOL 49 NO 7 843


