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Summary

Ventilator weaning protocols have the potential to expedite the weaning process and have been shown
to reduce weaning time and the duration of mechanical ventilation in several studies. However, other
studies have found no benefits from weaning protocols, and they may be particularly superfluous in
highly staffed and structured intensive care units. Furthermore, for a protocol to improve outcomes, the
clinicians must have a high rate of adherence to the protocol. Weaning protocols might improve patient
care and outcomes, but their implementation should be based on local clinical characteristics and needs,
and accompanied by an intensive education effort and measurement of adherence and outcomes. Key
words: ventilator, weaning, algorithm, decision support, weaning parameters, weaning predictors, protocol-
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We generally do not know what is right in any
absolute sense. We only know, when we have good
evidence, what works better than other approaches.

—Alan H Morris MD

Introduction

The weaning process may account for 56–92% of the
total duration of mechanical ventilation.1 Prolonging me-
chanical ventilation may increase the risk of adverse events,
particularly nosocomial pneumonia.2 Conversely, extuba-
tion failure is also associated with adverse outcomes, in-
cluding higher hospital mortality, longer hospital stay,
higher costs, and greater need for tracheotomy and transfer
to post-acute care.3 Therefore, important goals are to rec-
ognize weaning readiness and to manage the weaning pro-
cess efficiently. But intensive care units (ICUs) are com-
plex places. So the problem is, how do humans react to
complexity and what is the best way to avoid the errors it
creates?

Pro: Weaning Protocols Should Be Used With All
Mechanically Ventilated Patients

Problems With Ad Hoc Human Decision Making

Information Overload. The human capacity to store
and process information is limited to about 4 variables at
a time.4 Furthermore, humans possess a propensity to adopt
one belief on the basis of less evidence than would be
required to believe in an alternative.5 Morris estimated that
there are more than 236 different variables involved in the
care of a typical patient with acute respiratory distress
syndrome (ARDS).6 Yet, faced with the challenge of ad-
justing only 4 variables (inspiratory-expiratory ratio, ven-
tilatory rate, inspiratory pressure, and positive end-expira-
tory pressure) in pressure-controlled inverse-ratio
ventilation, experienced ICU physicians did not manage
mechanical ventilation as well as did a computerized pro-
tocol.7

Signal-to-Noise Ratio. Related to the information-over-
load problem is the issue of signal-to-noise ratio. To detect
an association between an input (signal) and an output
requires that the signal of interest can be distinguished
from other extraneous signals (noise). In the context of this
discussion, the signal-to-noise ratio refers to the ratio of
useful information to false or irrelevant data. Both the
caregiver and the patient contribute to noise; the caregiver
by inconsistent decisions and the patient by uncontrollable
factors such as disease severity and duration. Given the
large background noise in the ICU, the relatively small
effects of many clinical interventions produce a low sig-

nal-to-noise ratio and make inferences about the efficacy
of a treatment difficult to formulate. This is especially true
for uncontrolled, nonexperimental clinical care. Even in
controlled experiments, the placebo effect can be associ-
ated with a 43–75% positive clinical response, which can
produce larger changes in patient outcome than are ex-
pected from the study intervention.6 Put simply, it is dif-
ficult to learn from our routine clinical experience without
a systematic effort to do so.

Lack of Standardized Terminology. Medical terminol-
ogy lacks specificity and standardization. Even in the lim-
ited field of mechanical ventilation, it is common to find
different meanings for the same term and different terms
for the same meaning.8 Lack of standardized terminology
can lead to different interpretations of the literature, which
may lead to unnecessary variation in clinical practice. Ex-
amples of this include mechanical ventilation studies, con-
flicting use of hemodynamic variables, and inconsistent
use of terms in fluid and electrolyte assessment.6

Limited Experience. Daily decisions made by individ-
uals are limited to each individual’s experience. Individual
experience augmented by consultation experts (in person
or via a reference text) is really team decision making. To
the extent that a team of experts makes better decisions
than a lone individual, any tool that condenses and makes
available such group expertise is a powerful resource (given
the appropriate kind of decision to make, as every expe-
rienced facilitator knows that some decisions are much
more accurately made by individual content experts than
by groups). This power can be experienced by using the
Internet, with even informal resources such as Wikipedia
or Consumer Reports.

Failure to Act. Even when standardized procedures are
in place, clinicians often do not follow them.9,10 Common
objections include claims that patients are unique or more
severely ill than anticipated by the standards. At times
there appears to be no rational basis for failure to act
according to what are apparently obvious indications to do
so. Namen et al found that when neurosurgeons were in-
formed of the positive results of spontaneous breathing
trials (SBTs), they refused to request extubation in 50–
87% of those patients.11 General barriers to adherence in-
clude lack of awareness, familiarity, or agreement with the
protocol, and the inertia of previous practices.12

Practice Variability. Patterns of practice in academic
(and other) medical centers are often idiosyncratic and
guided more by opinion and local supply of resources than
by science.13 Unwarranted practice variations are those
that cannot be explained by type or severity of illness or by
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patient preferences.13 Clinical practice variability has at
least 2 sources:

1. Physicians demonstrate within-decision-maker incon-
sistency in their use of physiologic data for decision
making.

2. Physicians often fail to adhere to reputable standards.14

For example, low adherence has been reported for the
National Asthma Education and Prevention Program Ex-
pert Panel’s Guidelines for the Diagnosis and Manage-
ment of Asthma.15 Given the above-discussed problems
inherent in human decision making, which lead to varia-
tions in clinical practice for a given patient population, and
given the obvious differences in patient outcomes, then
practice variation implies error. If we postulate a strong
correlation between treatment and outcome, it follows that
poor outcomes must be correlated with poor treatment.
And since there is practice variation for a given patient
profile, some treatment is therefore good and some bad.
(Of course, there may be a weak or absent correlation
between treatment and outcome, in which case we are
forced to admit that we don’t know what we are doing.)
Thus, high practice variability implies high error rates. It
also follows that error is avoidable if good treatment can
be identified and practiced.

Guidelines Versus Protocols

The way to identify and practice good treatment is to
develop systematic standardized procedures. Such proce-
dures have been referred to as “guidelines” or “protocols”
in the literature. They have been shown to reduce variation
and increase adherence to evidence-based interventions
and may reduce error, although this has not been formally
studied.14

It is important to make a distinction between guidelines
and protocols. Failure to do this is the basis for a lot of
misunderstanding and needless resistance. The medical
subject headings in Ovid (www.ovid.com) define a guide-
line as “a set of statements, directions, or principles pre-
senting current or future rules or policy,” and a protocol as
“a precise and detailed plan for the study of a medical
problem or for a regimen of therapy.”

Guidelines are general statements. For example, the Na-
tional Heart Lung and Blood Institute/Hoescht Marion
Roussel guideline for controlling hypertension in older
women reads, “If the first drug is not tolerated, substitute
a different drug from another class.”14 Guidelines omit
important details and allow different decisions by different
clinicians for the same clinical scenario. Decision-makers
must fill in the gaps with their judgment, background, and
experience.

A good protocol is not just more explicit than a guide-
line, it must be “adequately explicit.”14 An adequately
explicit protocol provides specific rules for decision mak-

ing, based on patient data. For example, “If the change in
PaO2

is � 10 mm Hg, and the time interval is � 2 hours,
and the fraction of inspired oxygen is � 0.8, and positive
end-expiratory pressure is � 15 cm H2O, then increase
positive end-expiratory pressure by 2 cm H2O.” Such a
rule, if adhered to, must lead to the same decision by
multiple clinicians.

Morris and colleagues judge a protocol to be adequately
explicit when clinicians accept and carry out over 90% of
protocol instructions.14 In practice, paper-based versions
of any but the simplest protocols cannot be made explicit
enough.16 Adequately explicit computerized protocols con-
tain the greatest detail. When used as open-loop control
systems (ie, decision support only), computerized proto-
cols may lead to the upper limit of achievable uniformity
of clinician decision making.14 Closed-loop control with
computerized protocols eliminates human decision mak-
ing altogether.17

Understanding the difference between guidelines and
adequately explicit protocols is crucial for logical debate.
Guidelines may be what people have in mind when they
argue against “cookbook medicine” (ie, treating all pa-
tients the same way regardless of the need for individual-
ized care). Some would suggest, however, that a cookbook
approach is just what we need:

The best chefs may, through trial and error, create
marvelous meals without recipes. But many cre-
ations will be flops. We have cookbooks, in part,
because most chefs do not have the time or re-
sources to experiment. They want the best consis-
tent outcomes. Recipes may stifle some creativity,
but they will give an acceptable result most of the
time, if they are good. The worst that happens in
cooking, if an experiment goes bad, is the waste of
a few ingredients. In medicine, a failed experiment
is a bad outcome. Most patients will choose a proven
recipe over risking an experiment that could result
in a better outcome but is more likely to result in a
worse one.18

Metaphors aside, the only logical way to argue against
the decision of an adequately explicit protocol is on the
basis of either scientific evidence or (in lieu of evidence)
expert consensus. Indeed, such objections, when captured
(especially with a computerized system) and analyzed, pro-
vide the basis for evolving better protocols. This system-
atic approach to learning from experience may be the stron-
gest argument of all for protocols.

Criticism of protocol weaning is really a subset of
the criticism of evidence-based medicine in general. Crit-
ics of evidence-based medicine tend to see medicine as a,
“craft . . . in which individual expertise and technique are
allowed to shine through and ultimately result in a higher
standard of patient care.”12 Aside from the key philosoph-

WEANING PROTOCOLS FOR ALL VENTILATED PATIENTS?

RESPIRATORY CARE • MAY 2007 VOL 52 NO 5 611



ical objections raised below, critics of evidence-based med-
icine also fear that traditional health-care professionals
may be replaced by less expensive, less skilled workers. In
addition, the use of third parties using guidelines, rein-
forced by financial or legal incentives, might curtail treat-
ment choice and limit practitioners’ autonomy.12 One au-
thor has gone so far as to call evidence-based medicine “a
dangerous delusion . . . and a potentially lethal weapon in
the hands of misguided regulators and reformers.”19

Benefits of Protocols

Enabling Rigorous Clinical Research. The essence of
any satisfactory experiment is that it should be reproduc-
ible.20 Protocols are the means to achieve reproducibility
by stabilizing the decision making process. The large sam-
ple sizes required of many clinical trials frequently neces-
sitate involving many centers over several years. These
requirements introduce at least 2 serious challenges to sta-
bilization:

1. Changing co-interventions that naturally occur over
time

2. Faltering interest and, hence, decreasing adherence
among participating clinicians14

Computerized protocols offer a solution that could sup-
port clinical trials in multiple institutions with adequately
explicit methods.7 Computerized protocols offer 3 benefits
for research:

1. Precise description of patient care (ie, the rules of
decision making)

2. Assurance of equal intensity of care
3. Common intermediate end points (eg, therapy regu-

lated to produce the same PaO2
and pH)14

Morris outlined both the barriers to computerized pro-
tocol use and the important steps in protocol develop-
ment.21

Increased Adherence to Evidence-Based Interventions
and Reduced Practice Variability. Protocols provide a
link between efficacy trials and clinical practice. They can
be seen as a mechanism to implement evidence-based med-
icine. Knowing what to do and how to do it are often 2
different problems. One example is the persistently low
adherence to the Guidelines for the Diagnosis and Man-
agement of Asthma from the National Asthma Education
and Prevention Program.22 A national survey of United
States pediatricians showed that only 35% followed widely
publicized guidelines, including the asthma guidelines.23

However, when asthma guidelines were turned into an
adequately explicit protocol as an “algoform” (a combi-
nation algorithm and patient record that shows the deci-
sions that link patient-assessment data and specific treat-
ments), adherence to evidence-based interventions was
facilitated and patient outcomes improved.24

Frank Zappa is reported to have said that “Without de-
viation from the norm, progress is not possible.”25 It is
clear that something as basic as biological evolution de-
pends on genetic variability. But the key to the success of
evolution is that Nature notices and rewards useful vari-
ation by means of natural selection. In contrast, most in-
advertent clinical variation goes unnoticed. Many purpose-
ful clinical interventions have relatively small effects (odds
ratios of � 3.0) that require systematically conducted clin-
ical trials to be recognized.16 This suggests that small
changes in outcomes (good or bad) will be missed if not
examined within the systematic framework of an adequately
explicit protocol. Thus, it is not variability per se, but
noticing variability of outcome from standardized treat-
ment that leads to innovation. The obvious example of
success here is the “continuous quality improvement” ex-
perience in industrial manufacturing.

Everyone on both sides of the protocol argument would
agree that clinicians need to respond to the patient’s indi-
vidualized expression of disease. But the pro argument is
quite simple and logical on this point:

1. Patients express their individualized needs through
their clinical data.

2. Every single iteration of an adequately explicit pro-
tocol yields at least one standardized decision based
on the patient’s data.

3. The patient’s treatment regimen is the sum of all the
standardized decisions over time.

4. Therefore, the patient’s therapy is individualized.14

In addition, ethical obligations to deliver individualized
care to the research subject are supported as the require-
ment to reduce differential bias in the experiment is met.26

Improved Outcomes. The evidence that guidelines and
explicit decision-support systems improve health care out-
comes is consistent with results from systems approaches
in other fields.27 Systems approaches to error control,
through failure mode and effect analysis and root cause
analysis, have been useful in many industries. System sta-
bilization through reduction in practice variation is a pre-
requisite for continuous quality improvement.28 This is a
central theme, for example, in the application of Six Sigma
methodology to health care.29

Improved Safety. Human error is unavoidable and costly.
For example, an adverse drug event is associated with a
significantly prolonged stay, increased economic burden,
and an almost 2-fold increased risk of death.30 In a study
of drug-related morbidity and mortality from drug-related
problems, Ernst and Grizzle found the mean cost for a
treatment failure was $977, and for a combined treatment
failure and a resulting new medical problem was $1,488.31

Overall, the cost of drug-related morbidity and mortality
exceeded $177 billion in 2000.31
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Clinical error rates range from 1% to 50%.27 Even when
the error rate was only 1%, every patient in one academic
ICU was subjected to an error that threatened life or limb
every other day.32 A systems approach, rather than edu-
cational programs, would be needed to improve the per-
formance of caregivers who already perform correctly 99%
of the time.16 Explicit decision-support tools increase the
signal-to-noise ratio in clinical practice and may enhance
our ability to prevent errors or at least recognize them
early enough to minimize adverse effects. Strong evidence
suggests that some computer-based clinical decision-sup-
port systems can improve physician performance.33 Com-
puterized protocols improved clinical outcomes in hospital
pharmacy and infectious disease departments, and in both
out-patient and in-patient hospital practice.27

Enhanced Education. Critics of evidence-based medi-
cine suggest that standardization may lead to de-skilling
practitioners, because following protocols will encourage
clinicians to stop using clinical judgment and treat all pa-
tients as if they were interchangeable.12 However, explicit
decision-support instruments can be effective teaching
tools. Such tools specify the important variables to be

considered and the rules for using them to make decisions.
This approach is often lacking in traditional health-care
education programs. To be fair, validated, evidence-based
algorithms are available for only a very limited set of
clinical procedures. So far, only such interventions as me-
chanical ventilation, antibiotic choices, intravenous fluid
therapy, and hemodynamic support have been addressed
with explicit support tools.27 Computerized systems offer
the advantage of being able to explain the rationale for the
decisions they make when queried by the user,34 which
provides additional educational support.

Weaning From Mechanical Ventilation; Literature
Review

Controlled Trials. Table 1 lists 19 trials, spanning 22
years, that have examined the use of protocols for weaning
from mechanical ventilation, and have reported the dura-
tion of mechanical ventilation.11,35–52 Three additional tri-
als reported “weaning time” but not duration of mechan-
ical ventilation.53–55 There have been objections to some
of the positive studies (which will be mentioned in the con
argument below).56 In addition, there have been trials that

Table 1. Trials of Ventilator Weaning Protocols

First Author Year n Groups*
Duration of Ventilation

(d)
Hospital
Stay (d)

Randomized Controlled Trials
Ely35 1996 300 Physician-directed vs not physician-directed 4.5 vs 6 (p � 0.003) NS
Kollef36 1997 357 Physician-directed vs not physician-directed 2.9 vs 4.3 (p � 0.03) NS
Marelich37 2000 335 Physician-directed vs not physician-directed 2.8 vs 5.2 (p � 0.001) NR
Shultz38 2001 223 Physician-directed vs not physician-directed NS NR
McKinley†39 2001 67 Physician-directed vs not physician-directed NS NS
Namen11 2001 100 Physician-directed vs not physician-directed NS NS
Randolph40 2002 182 Physician-directed vs not physician-directed NS NR
Krishnan41 2004 299 Physician-directed vs not physician-directed NS NR
Hendrix42 2006 20 Computer-driven (closed-loop) vs

physician-directed
NS NR

Lellouche43 2006 144 Computer-driven (closed-loop) vs
physician-directed

7.5 vs 12 (p � 0.01) NS

Nonrandomized Trials (Cohort or Observational)
Foster44 1984 63 Protocol vs concurrent controls 0.45 vs 0.75 (p � 0.01) NR
Wood45 1995 284 Protocol vs historical controls NS NS
Saura46 1996 101 Protocol vs historical controls 10.4 vs 14.4 (p � 0.05) NR
Djunaedi47 1997 107 Protocol vs historical controls NS NR
Burns48 1998 409 Protocol vs historical controls NS NS
Horst49 1998 893 Protocol vs historical controls 4.7 vs 7.1 (p � 0.001) NR
Ely50 1999 1,167 Observational/temporal trends after protocol NS NR
Dries51 2004 650 Observational/temporal trends after protocol 3 vs 5 (p � 0.001) NR
Tonnelier52 2005 104 Protocol vs historical controls 16.6 vs 25.5 (p � 0.02) NR

*Non-physician directed may include open-loop computerized protocols
†Subgroup analysis of a larger, prospective controlled trial
NS � nonsignificant difference
NR � not reported
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showed negative results, and those studies have generated
objections as well. For example, the study by McKinley
et al failed to show a difference in survival or hospital stay
but did document less ventilator-induced lung damage and
multiple-organ failure in the computerized-decision-sup-
port group.39 In addition that group had significantly less
exposure to potentially toxic oxygen levels (ie, � 60%).
Finally, the “control group” in this study started using
permissive hypercapnia as the trial progressed, potentially
confounding the definition of “usual care.” The study by
Randolph et al did not control for the use of sedation,
which is known to affect weaning rate.40,57 Other problems
with that study include the fact that protocol adherence
was only 66% and extubation was delayed � 4 hours for
25 of the protocol patients. The study by Krishnan et al41

has generated several objections about the study design
and how the data should be interpreted.58,59

Other Supporting Research

Ely et al summarized the results of 9 nonrandomized
trials published between 1984 and 1998. These authors (all
well known experts on the topic) concluded that the results
of those studies were generally consistent with the results
of randomized controlled trials that have found statisti-
cally significant reductions or trends in the duration of
mechanical ventilation, ICU stay, and other favorable out-
comes, such as fewer blood gas analyses.60 Ely et al rec-
ommended that “ICU clinicians utilize protocols for lib-
erating patients from [mechanical ventilation], in order to
safely reduce the duration of [mechanical ventilation].”
That same year (2001), a collective task force facilitated
by the American College of Chest Physicians, the Amer-
ican Association for Respiratory Care, and the American
College of Critical Care Medicine developed evidence-
based guidelines for weaning and discontinuing ventila-
tory support. The guidelines recommended: “Weaning/dis-
continuation protocols that are designed for nonphysician
health-care professionals should be developed and imple-
mented by ICUs.”61

Summary of Pro Argument

Several studies show that protocols improve outcomes
over ad hoc or “usual care” decisions made by clinicians.
Some other studies that showed no benefit from protocols
had design flaws. And even if a properly designed and
implemented study showed no benefit from a weaning
protocol, the implication is not clear. Tobin suggested that
in such a case, the question is not, What went wrong with
protocolized weaning? but, What was right with usual
care?59 If this is true, then all the studies mentioned in this
paper may be no more than a bucket of red herrings. The
larger question is whether we believe we can learn from

our experience and thus improve the quality of care. If we
believe we can, then the question is how. An argument can
be made that adequately explicit protocols, implemented
with computers, is the best choice described so far. The
widespread implicit belief in protocols is evidenced by the
effort expended to design clinical research plans and main-
tain adherence to their directions. The need to learn from
experience while assuring a reproducible standard of care
is no less pressing in daily clinical practice than it is for
research.

The only things that evolve by themselves in an
organization are disorder, friction, and malperfor-
mance.”

—Peter F Drucker

Con: Weaning Protocols Should Not Be Used With
All Patients Who Receive Mechanical Ventilation

As mentioned in the previous section, a task force of
pulmonary and critical care experts issued guidelines in
2001 on weaning and discontinuing ventilator support.61

Recommendation 8 stated that, “Weaning/discontinuation
protocols that are designed for nonphysician health-care
professionals should be developed and implemented by
ICUs.” This recommendation was given an “A” grade,
which corresponds to the following description: “Scien-
tific evidence that is provided by well-designed, well-con-
trolled trials (randomized and nonrandomized) with statis-
tically significant results that support the recommendation.”
The document goes on to provide evidence from 3 pro-
spective randomized trials that support Recommendation 8.

The following discussion will critically evaluate the key
studies that support the use of weaning protocols, in ad-
dition to several negative trials. In addition, this section
will make a more general case that “protocolized” medi-
cine is as likely to be harmful as helpful, and that this
approach to medical practice should be viewed with con-
siderable skepticism.

Weaning Protocols: The Evidence

The gold standard of evidence-based medicine is the
randomized controlled trial. Thus, although a number of
trials have supported weaning protocols, the 2001 task
force focused on 3 randomized controlled trials when it
made its grade A recommendation in support of weaning
protocols. Although each of these trials reported statisti-
cally significant results that were consistent with the task
force’s recommendation, the clinical importance of the
results is less clear. In addition, there were design flaws in
two of the trials that cast considerable doubt on the gen-
eralizability of their findings.
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In the landmark 1996 study by Ely et al, patients were
randomized to protocolized weaning, consisting of readi-
ness assessment plus an SBT, versus usual care. The trial
found that weaning time was shortened by a median of
2 days, and that time to liberation from mechanical ven-
tilation was reduced by 1.5 days.35 However, more mean-
ingful outcomes, such as ICU stay, hospital stay, hospital
costs, and mortality were unaffected by the weaning pro-
tocol. Furthermore, the odds were heavily stacked in favor
of any intervention, given that SBTs were not performed
as part of weaning in the control group. This was despite
the fact that failure to successfully pass an SBT was a key
entry criteria for 2 prospective randomized trials of ven-
tilator weaning published in the year prior to beginning
their protocol trial.62,63 Furthermore, given that 75% of the
patients in the Ely et al study were ventilated with inter-
mittent mandatory ventilation (IMV), it seems likely that
IMV was used for weaning in at least some, if not the
majority, of patients. Given that IMV weaning had previ-
ously been shown to take approximately 2 days longer
than weaning with SBTs, the results from Ely et al are not
surprising.63

The next published randomized controlled trial of ven-
tilator weaning is even more difficult to interpret in terms
of application to clinical practice. The trial used 3 different
weaning techniques (IMV, pressure support, or daily SBTs)
and involved 3 different protocols in 3 different ICUs.36

These diverse groups were combined into one “protocol”
versus one “physician-directed” weaning group for com-
parison. The duration of mechanical ventilation was
1.4 days less in the protocol group, but this benefit was
largely realized in the “pre-weaning” phase, which in-
cluded identification of readiness for weaning. Further-
more, there were no differences in other more meaningful
end points, including duration of stay, costs, or mortality.
Paradoxically, benefits from protocolized weaning were
realized in those patients weaned with IMV and pressure
support; there was no benefit to protocolized weaning us-
ing daily SBTs! Thus, the results of this trial directly con-
tradict those of other studies that suggest that daily SBTs
are a key component of accelerated liberation from me-
chanical ventilation.35,63

The third trial, by Marelich et al, randomized patients to
either physician-directed weaning or twice-daily screening
followed by SBTs.37 Protocolized weaning reduced the
duration of mechanical ventilation by approximately
2.5 days, but duration of stay and cost data were not re-
ported. In addition, there was a trend toward higher mor-
tality in the protocol group.

Since the publication of the weaning guidelines in 2001,
several additional randomized controlled trials have been
published (see Table 1). A prospective randomized trial
that compared protocolized weaning to physician-directed
weaning in neurosurgical patients found no difference in

the duration of mechanical ventilation or any other out-
come between the 2 groups.11 A study of pediatric patients
found no benefit to nonphysician-directed protocols in that
population.40 A subgroup analysis of trauma patients in-
cluded in a randomized controlled trial of computer-as-
sisted (open-loop) protocolized ventilator management ver-
sus physician-directed care found no effect of protocol use
on duration of mechanical ventilation or stay.39

A small randomized controlled trial that compared com-
puter-directed weaning to physician-directed weaning in
patients recovering from cardiac surgery found an approx-
imately 2-hour reduction in the time to extubation with the
protocol, but this difference was not statistically signifi-
cant.42 A large randomized controlled trial of protocolized
versus physician-directed weaning in a high-intensity-
staffing medical ICU service found no differences in du-
ration of mechanical ventilation or other outcomes be-
tween the groups.41

Minimizing human involvement from medical practice
might be considered the pinnacle of protocolized medi-
cine, as exemplified by a recent trial of computer-driven
weaning from mechanical ventilation.43 In this multicenter
trial, 144 patients were randomized to weaning via a closed-
loop knowledge-based system, versus usual care (control),
after passing an initial screening test. The closed-loop sys-
tem, which was integrated into a standard ventilator, re-
duced the pressure support level based on feedback from
measurements of tidal volume, respiratory rate, and end-
tidal PCO2

. Usual care weaning used guidelines in 4 of 5
centers. Computer-driven weaning resulted in an impres-
sive 4.5-day reduction in the total duration of mechanical
ventilation, and a 3.5-day reduction in ICU stay. However,
there was no significant reduction in hospital stay, and cost
data were not reported.

Of multiple nonrandomized controlled trials that exam-
ined weaning protocols, several found no significant ben-
efits from protocol use, and none reported shorter hospital
stay (see Table 1). A compelling case against protocols is
illustrated by a report from Ely et al on the large-scale
implementation of weaning protocols at Vanderbilt hospi-
tal.50 There was no significant change in the duration of
mechanical ventilation during the year of protocol imple-
mentation; in fact the trend was toward a longer duration
of ventilation.

In summary, these studies hardly provide robust evi-
dence for the widespread application of nonphysician-di-
rected weaning protocols. None of the studies found shorter
hospital stay or lower costs with protocols, and 3 random-
ized studies reported trends toward higher mortality in the
protocol groups.11,37,43 None of the data documents cost
savings from weaning protocols. Although weaning pro-
tocols appear to provide benefits in some institutions and
models of critical care delivery, they do not provide ben-
efits in all institutions and models. These data are similar
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to those regarding other computer-based clinical decision
tools, which in one systematic review were found to be
associated with improved patient outcomes in only 3 of 10
studies.33

Protocols and Evidence-Based Medicine

Evidence-based medicine: The conscientious, ex-
plicit, and judicious use of current best evidence in
making decisions about the care of individual pa-
tients. The practice of evidence-based medicine re-
quires the integration of individual clinical exper-
tise with the best available external clinical evidence
from systematic research and our patient’s unique
values and circumstances.64

Although the term “evidence-based medicine” has be-
come popular only within the past 2 decades, it is clear
from the above definition that the concept is not new.
Individual clinical expertise combined with the best avail-
able clinical evidence has been applied to patient care
since the birth of medicine as a profession. It is also clear
that evidence-based medicine can be practiced without the
use of protocols; in fact, the inclusion of “individual clin-
ical expertise” in the definition would seem to exclude
protocol use from best practice, given the inherent heter-
ogeneity introduced by a multitude of individuals. In re-
ality, the only new concept that evidence-based medicine
has introduced is the hierarchical ranking of evidence,
with the randomized controlled trial held as the standard
by which all other evidence is judged. Whether this hier-
archy is appropriate is a matter for another debate; how-
ever, it is clear that an argument against widespread pro-
tocol application is not an argument against the use of
evidence in medicine. In contrast, medical protocols should
be held to the same standards as other aspects of treatment,
and their utility proven in randomized controlled trials. As
discussed in detail above, ventilator weaning protocols
have failed to sufficiently meet this standard, particularly
in regards to recommending their application to all pa-
tients in all settings.

Protocols: Panacea or Poison Pill?

Simply put, a protocol is a precise and detailed plan, or,
in computer language, a means of communication between
2 unrelated objects. It is difficult to argue against planning
and communication, and the proponents of protocolized
medicine suggest that protocols increase the efficiency and
uniformity of care, reduce error rates, increase application
of proven therapies, and ultimately improve outcomes.27

However, there are theoretical negative aspects to proto-
cols that cannot be dismissed, including inflexibility and
removal of thought and judgment from clinical decision

making. This aspect will result in some patients being
harmed while others benefit, and will probably impair clin-
ical medical education. This latter effect will become more
obvious with the broader acceptance and implementation
of closed-loop, computer-driven protocols, wherein the cli-
nician is effectively removed from the feedback loop, as
opposed to open-loop, computer-assisted protocols, which
include the clinician in the decision process. Furthermore,
there is little evidence to support the notion that increased
uniformity of care is in fact beneficial, particularly in re-
gard to critical care medicine.

Variability in Practice: Good or Bad?

Arguments against practice variability largely center on
variability in surgical procedure volumes between medical
centers and variability in simple, explicit interventions such
as �-blocker administration after acute myocardial infarc-
tion.13 However, there is no evidence that variability in the
complex decision making processes involved in critical
care medicine results in worse outcomes. In addition, it is
not necessarily true that high practice variability implies a
high error rate. Many practices in critical care are equiv-
alent (or nearly so) in efficacy, and there are therefore
multiple routes to a good outcome. In addition, although it
may be that practice quality is associated with outcomes,
it does not necessarily follow that for the individual patient
a bad outcome was due to bad practice. In fact, bad out-
comes occur in a large percentage of critically ill patients
despite what might be defined as “best practice.” These
bad outcomes will occur with or without protocols; such is
the nature of critical illness.

In a recent thought-provoking book, Surowiecki used
examples from animal and human behavior, sports, and
business to support an argument for “the wisdom of
crowds.”65 Surowiecki distilled the information that sup-
ports a hypothesis first reported more than a hundred years
ago, that groups are more intelligent than the smartest
individuals in them. The corollaries to this are that the best
way for a group to be smart is for each person in it to act
and think as independently as possible. This “collective
intelligence” will produce better results than a small group
of experts (or a protocol) because of diversity of opinion,
independence, and decentralization (where errors balance
out).

There is reason to believe that “the wisdom of crowds”
has relevance in the field of medicine. The principle im-
plies that a large group (all critical care providers) will
perform better (provide better patient care) than the ex-
perts (or expert-designed protocols) within it. This con-
trasts directly with the idea that increased uniformity of
care will produce better outcomes. The wisdom of crowds
probably applies at the local level as well, where a small
group (multidisciplinary team) will perform better than a
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single expert (physician leader). This may also apply to
protocol development, in that the protocol will perform
better if designed by a large, diverse group rather than a
small group of experts.

Practices from the automobile industry and other indus-
tries have been enthusiastically endorsed to achieve uni-
formity of practice and thereby improve the efficiency and
quality of health care.66 However, it requires a consider-
able stretch of the imagination to accept that what applies
to the manufacture of assembly-line products, which by
design are as identical as possible, also applies to the care
of patients, each genotypically and phenotypically unique.

Adherence to Protocols

The introduction of protocols into an institution or ICU
does not guarantee that the protocol will be used, or used
correctly. Even with minimization of human involvement
through the use of closed-loop computer-driven protocols,
the protocol must be initiated by a clinician.43 Protocol
adherence is difficult to achieve and costly to monitor.
Adherence was only 66% in one randomized controlled
trial of weaning protocols in pediatric patients, which is
striking, given the rigid structure of a randomized con-
trolled trial.40 In the weaning protocol implementation study
by Ely et al, intensive physician and nonphysician educa-
tion and feedback were used to promote protocol adher-
ence, but, despite those efforts, protocol adherence was
only 25–36% over the final 6 months of implementation.50

The failure to perform an SBT once the screening test was
passed was attributable to decisions (or lack thereof) by
both respiratory therapists and physicians. It is thus not
surprising that these investigators were unable to docu-
ment a reduction in the duration of mechanical ventilation
in association with protocol implementation. It is evident
that if the intent of the protocol is to improve patient
outcomes, intense education and monitoring are necessary
to achieve even minimal protocol adherence. This may be
less of an issue if the protocol is implemented only in
response to a guideline or a benchmark publication, as
discussed below.

Protocols and the “Standard of Care”

Another problem related to the propagation of protocol-
ized medicine is that therapies that are inherently appeal-
ing become institutionalized before they are rigorously
proven to improve outcomes, and they become a “standard
of care” that is difficult to reverse. An important example
of this is the “ventilator bundle” endorsed by the Institute
for Healthcare Improvement’s 100,000 Lives Campaign,
one component of which is the recommendation for the
use of weaning and sedation protocols (Table 2). The In-
stitute for Healthcare Improvement Web site states that,

“The ventilator bundle is a series of interventions related
to mechanical ventilation, that when implemented together,
will achieve significantly better outcomes than when im-
plemented individually.” Unfortunately, there is absolutely
no evidence that that statement is true. Furthermore, key
components of the ventilator bundle are based on single,
small trials, with results that were not reproduced in fol-
low-up studies.67,68 Nonetheless, the ventilator bundle has
been widely promoted and adopted, and serves as a bench-
mark for quality care delivery. The money spent on these
efforts might be better directed elsewhere.

Another recent example of over-enthusiastic promotion
of unproven interventions is the “rapid response team” for
management of urgent in-hospital situations.69 Rapid re-
sponse teams are advocated by the 100,000 Lives Cam-
paign and may become a measure of patient safety with
the Joint Commission (formerly known as the Joint Com-
mission on Accreditation of Health Care Organizations).
The largest prospective randomized trial (23 medical cen-
ters, 125,000 patients) found no benefit from rapid re-
sponse teams,70 but rapid response teams are nonetheless
viewed by some experts as a standard of care.

Summary

Ventilator weaning protocols have the potential to ex-
pedite the weaning process and have been shown to reduce
weaning time and the duration of mechanical ventilation in
several studies. However, other studies have found no ben-
efits to protocol use, and no study has documented shorter
hospital stay or lower mortality with weaning protocols.
They may be particularly superfluous in highly staffed and
structured ICUs. This limitation and other potential nega-
tive aspects of weaning protocols should be evaluated when
considering their implementation in specific settings. Fur-
thermore, for a protocol to improve outcomes, a high ad-
herence rate is necessary. Thus, implementing a protocol
requires intensive clinician education and measurement of
clinician adherence and outcomes.
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Discussion

Kacmarek: You went over the ini-
tial randomized controlled trial that
showed benefit from weaning proto-
cols,1 and you commented that the ap-
proach to weaning in the control group
was not up to standards so the study
was probably not a good study. I would
counter that by saying that that was the
purpose of the study—to demonstrate

that the care in many institutions that do
not use weaning protocols is not at the
standard-of-care level, and that there are
multiple different approaches, or ap-
proaches that have proven ineffective,
that are still commonly used.

In addition, institutions such as
Hank’s [Fessler],2 who found no ben-
efit from protocols nevertheless actu-
ally use protocols! I’m sure that the
way Hank operates on rounds is equiv-

alent to a protocol. Do you use a check-
list to identify different things that you
should cover every day in rounds? Do
you make sure that there’s a discus-
sion about weanability of patients? Do
you discuss all the specific categories
that go into deciding whether a pa-
tient is ready to wean? Is that not a
protocol? When I read your paper,2 I
thought you were comparing one pro-
tocol to another protocol, and they
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ended up being equal. That does not
condemn the use of protocols in the
ICU. I’m a little disturbed by the mor-
tality data in the Lellouche et al study.3

I didn’t think that was a good study;
there were a lot of problems with the
protocol group, but I missed the fact
that mortality was higher in the pro-
tocol group.

1. Ely EW, Baker AM, Dunagan DP, Burke
HL, Smith AC, Kelly PT, et al. Effect on
the duration of mechanical ventilation of
identifying patients capable of breathing
spontaneously. New Engl J Med 1996;
335(25):1864–1869.

2. Krishnan JA, Moore D, Robeson C, Rand
CS, Fessler HE. A prospective, controlled trial
of a protocol-based strategy to discontinue
mechanical ventilation. Am J Respir Crit Care
Med 2004;169(6):673–678.

3. Lellouche F, Mancebo J, Jolliet P, Roeseler
J, Schortgen F, Dojat M, et al. A multi-
center randomized trial of computer-driven
protocolized weaning from mechanical ven-
tilation. Am J Respir Crit Care Med 2006;
174(8):894–900.

Deem: It was glossed over in the
discussion of several of the other stud-
ies that there was a trend toward higher
mortality in the protocol groups. Al-
though the differences between the
groups were nonsignificant, that
doesn’t mean we should ignore the
differences, because that’s a troubling
signal.

MacIntyre: Why are we allowed to
ignore mortality data when it’s not sig-
nificant, as in the Derdek et al trial,1

but we get all lathered up about mor-
tality differences here that are also not
significant?

1. Derdak S, Mehta S, Stewart TE, Smith T,
Rogers M, Buchman TG, et al. High-fre-
quency oscillatory ventilation for acute re-
spiratory distress syndrome in adults: a ran-
domized, controlled trial. Am J Respir Crit
Care Med 2002;166(6):801–808.

Deem: I think the difference is that
we have guidelines that suggest that
we should use protocols. We are be-
ing graded on that, and yet there is
this troubling background signal that
suggests that there may be difficulties
or harm with this approach that we

haven’t fully explored. About the Ely
et al study,1 with regard to the control
group not receiving the standard of
care, I’ll buy your argument to an ex-
tent, except that it appears that no-
body there was using what had been
shown at that point to be the best way
to wean patients. That is an unusual
circumstance, I think, for a university
hospital.

1. Ely EW, Baker AM, Dunagan DP, Burke
HL, Smith AC, Kelly PT, et al. Effect on
the duration of mechanical ventilation of
identifying patients capable of breathing
spontaneously. New Engl J Med 1996;
335(25):1864–1869.

Kacmarek: But I think you’d have
a little difficulty arriving at agreement
on the best way to wean patients. You
had 2 big studies with opposite out-
comes. One that favored T-piece trial
and one that favored pressure support
as the right approach to weaning.

Deem: They weren’t really oppo-
site outcomes, and the corollary is that
all those patients had SBTs before they
were enrolled in the protocol.

Kacmarek: I’m not disagreeing
with your conclusion. I’m simply stat-
ing that I’m not sure that there was
enough data available at the time of
the study to definitively make the state-
ment that SBT is the way everybody
should be managing ICU patients.

Deem: I think most of us believed
that IMV was not the correct way to
wean patients at that point. Maybe I’m
wrong there, but I think that most of
us had come to that conclusion, and I
have to assume that they did some
IMV weaning, but it wasn’t reported.

Kacmarek: Would you come and
talk to our cardiac surgeons?

Deem: We’re not talking about sur-
geons here.

Fessler: I would not want the con-
clusion from our study to be inter-

preted that we’re against the use of
protocols, or that we think protocols
don’t work. I think the conclusion from
our study is that understaffing of ICUs
doesn’t work. That is a major aspect
of the conditions under which the Ely
et al study was done. It’s perhaps the
best designed study in this group, and
it had some of the most significant
results.

However, their ICU service ranged
between about 20 and 30 patients; they
were spread over up to 6 ICUs on 3
different floors. It was staffed by one
attending, one fellow, and 3 house of-
ficers, and there was one house offi-
cer on call at night, responsible for all
of those patients. So I think that those
physicians basically spent their day
running from disaster to disaster. The
patients who needed nothing more than
weaning were at the bottom of every-
body’s to-do list.

I think protocols are valuable, and
they become more valuable under con-
ditions of low physician staffing, or
when the physician’s knowledge base
is smaller.

Kacmarek: I didn’t realize that you
have such good physician staffing—
probably better than you have nursing
or respiratory therapy staffing in your
ICU. Fourteen beds and 12 physicians?
That’s pretty great staffing. You guys
should do a good job weaning patients.
One physician can spend the whole
day at the bedside of each patient con-
sidered ready for weaning.

Fessler: You’re right. I haven’t com-
pared the physician numbers to our
nursing.

Kacmarek: I bet that on most days
you’ve got more doctors than nurses,
or at least as many.

Fessler: Well, maybe, but certainly
on a per bed per day basis, we had
2–3 times the physician staffing that
they had in the Marelich et al study,1

the Kollef et al study,2 or the Ely et al
study.3 And yes, we do run our rounds
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off of what is essentially a checklist,
on which we go through every sys-
tem. Weaning gets talked about on ev-
ery patient, every day. I don’t think
protocols are the only way that you
can achieve these ends, but under many
circumstances they are the simplest
and most reliable way.

1. Marelich GP, Murin S, Battistella F, Inc-
iardi J, Vierra T, Roby M. Protocol wean-
ing of mechanical ventilation in medical
and surgical patients by respiratory care
practitioners and nurses: effect on weaning
time and incidence of ventilator-associated
pneumonia. Chest 2000;118(2):459–467.

2. Kollef MH, Shapiro SD, Silver P, St John
RE, Prentice D, Sauer S, et al. A random-
ized, controlled trial of protocol-directed
versus physician-directed weaning from
mechanical ventilation Crit Care Med 1997;
25(4):567–574.

3. Ely EW, Baker AM, Dunagan DP, Burke
HL, Smith AC, Kelly PT, et al. Effect on
the duration of mechanical ventilation of
identifying patients capable of breathing
spontaneously. New Engl J Med 1996;
335(25):1864–1869.

Deem: I want to reiterate that, as
Hank pointed out, the Ely et al study
was probably done in the best possi-
ble circumstances, and I find the re-
sults unimpressive: a day and a half

less on the ventilator, but no less time
in the ICU or in the hospital, no dif-
ference in mortality, and no difference
in cost. So what does that mean in
terms of benefit?

Kallet: I think days less on mechan-
ical ventilation is important. There are
a number of things that factor into the
ICU duration of stay, such as lack of
availability of beds on the ward, and
need for intensive wound care. I think
what we have to use is the absolute
duration of mechanical ventilation.

One of the drawbacks with proto-
cols is that they sometimes dull criti-
cal thinking, in the sense that if a pa-
tient repeatedly fails an SBT, clinicians
often don’t question why and pursue
less salient reasons for failure. Some-
times it’s obvious: a minute ventila-
tion of 15 L and a pulmonary compli-
ance like particle board. But a lot of
times it’s less obvious things, such as
electrolyte disorders, and clinicians
don’t think through the other things
that need to be considered.

Chatburn: Martin Tobin pointed
out that in studies where you don’t see
a difference between a protocol and

usual care, it doesn’t indicate so
much what’s wrong with the proto-
col, but what’s right with the usual
care.1 If that’s true, then all these
studies are just a big bucket of red
herrings.

I think we’re missing the bigger
philosophical issue here, which is,
do we believe it’s possible to learn
from experience and continually im-
prove? If we do, what’s the best way
to do that? I think the best way is
with an adequately explicit protocol.
And you all believe that too, because
if you didn’t you wouldn’t spend so
much time designing them for your
randomized controlled trials, and
making sure that people follow
them.

1. Tobin MJ. Of principles and protocols and
weaning (editorial). Am J Respir Crit Care
Med 2004;169(6):661–662.

Myers: Yes, it is challenging to get
the staff and the patients to adhere to
the protocol, especially if it requires
certain actions at certain times of day.
You’ve got to take both the patients
and clinicians in hand.
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