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Summary

The principles of evidence-based medicine provide the tools to incor porate the best evidence into
everyday practice. Evidence-based medicine is the integration of individual clinical expertise with
the best available research evidence from systematic research and the patient’s values and expec-
tations. A hierarchy of evidence can be used to assess the strength of evidence upon which clinical
decisions are made, with randomized studies at the top of the hierarchy. The efficient approach to
finding the best evidence is to identify a systematic review or evidence-based clinical practice
guidelines. Calculated metrics, such as sensitivity, specificity, receiver-operating-characteristic
curves, and likelihood ratios, can be used to examine the evidence for a diagnostic test. High-level
studies of a therapy are prospective, randomized, blinded, placebo-controlled, have a concealed
allocation, have a parallel design, and assess patient-important outcomes. Metrics used to assessthe
evidence for a therapy include event rate, relative risk, relative risk reduction, absolute risk re-
duction, number needed totreat, and oddsratio. Although not all tenets of evidence-based medicine
are universally accepted, the principles of evidence-based medicine nonetheless provide a valuable
approach to respiratory care practice. Key words: likelihood ratio, meta-analysis, number needed to
treat, receiver operating characteristic curve, relative risk, sensitivity, specificity, systematic review,
evidence-based medicine. [Respir Care 2004;49(7):730—741. © 2004 Daedalus Enterprises]

‘In my clinical experience' is a phrase that usually
introduces a statement of rank, prejudice, or bias.
The information that follows it cannot be checked
nor has it been subjected to any analysis other than
some vague tally of the speaker’s memory. The
biases of eminent men are still biases.

—Michael Crichton*

School, Boston, Massachusetts.

*N Engl J Med 1971;285:1491.
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I ntroduction

Without question, one of the more important move-
ments impacting health care practice in the late 20th cen-
tury was the emergence of “evidence-based medicine.”
Although many of the concepts inherent in the practice of
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evidence-based medicine have been used for decades, the
emergence of evidence-based medicine as a systematic,
distinct entity is traced to an article published in the Jour-
nal of the American Medical Association in 1992.1 From
1993 to 2000, 25 “Users Guides to the Medical Literature”
were published and became the major force directing the
evolution of evidence-based medicine.23! Inthe early 21st
century evidence-based medicine has permeated all parts
of health care practice, including respiratory care.

Is There a Problem?

Respiratory care practice demands evidence for the ac-
curacy of diagnostic tests. We aso need evidence of effi-
cacy and safety of the treatments that we apply. The tra-
ditional sources of this evidence are inadequate. Textbooks
are outdated, information from experts is inadequate, lec-
tures are ineffective, and professional journals are over-
whelming. A paradox exists between our clinical assess-
ment skills, which increase over time, and our knowledge,
which decreases over time. We are often too busy with our
professional and personal lives to read the exponentially
increasing volumes of published research. The principles
of evidence-based medicine provide the tools to incorpo-
rate the best evidence into everyday practice.

A recent study of arthroscopic knee surgery illustrates
the need for evidence-based medicine. In the United States,
650,000 casedly of osteoarthritis of the knee are treated
with arthroscopic lavage or debridement, at a cost of about
$5,000 each. Moseley et al32 randomized 180 patients to
lavage, debridement, or placebo surgery. Perhaps to the
surprise of many, outcomes after surgery were no different
than outcomes after the placebo procedure. This demon-
strates the need for high-quality studies to establish the
evidence for medical practice. Many physicians and pa
tients are convinced of the benefit of that surgery, but
without high-level evidence in support of that belief. In
fact, prior to the Moseley et a study some might have
argued that arthroscopic lavage or debridement for treat-
ment of osteoarthritis of the knee was the standard of care
and thus it would be unethical to subject patients to a
placebo-controlled study. However, one might ask whether
it is more unethical to do a study that deprives the patient
of the conventional therapy or to subject the patient to an
unproven therapy?

Lung-volume-reduction surgery is an example relevant
to respiratory care practice. This surgery was proposed as
a palliative treatment for severe emphysema, and several
small trials suggested benefit.33-40 A prospective, con-
trolled trial of 1,218 patients with severe emphysema ran-
domized patients to either undergo lung-volume-reduction
surgery or to receive continued medical treatment.#* Lung-
volume-reduction surgery increased the likelihood of im-
proved exercise capacity but did not confer a survival
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advantage over medical therapy—except in the subgroup
who had both predominantly upper-lobe emphysema and
low baseline exercise capacity. Moreover, the subgroup
that had non-upper-lobe emphysema and high baseline ex-
ercise capacity had higher mortality and negligible func-
tional gain. Thisisan example of atherapy for which there
was much enthusiasm but little evidence in the late 20th
century. A properly conducted study showed that there
was no benefit expect for a subgroup of patients, and,
equally important, there was harm to another subgroup.

What |Is Evidence-Based Medicine?

Evidence-based medicine is the integration of individ-
ual clinical expertise with the best available evidence from
systematic research, as well as patient’s values and expec-
tations.#243 The best evidence is not static but, rather,
changes when better evidence becomes available.

Evidence-based medicine does not devalueclinical skills
and clinical judgment. To the contrary, evidence-based
medicine demands a high level of clinical skill and judg-
ment. The practice of evidence-based medicine requires us
to apply the evidence to the right patient, at the right time,
in the right place, at the right dose, and using the right
resources. We need to recognize the correct patient diag-
nosis before applying the evidence to the care of the pa-
tient. Use of the ARDS (acute respiratory distress syn-
drome) Network ventilation strategy44 may beinappropriate
with patients who have chronic obstructive pulmonary dis-
ease (COPD) or neuromuscular disease. As a matter of
fact, those patient groups were excluded from enrollment
in the ARDS Network study. Evidence-based guidelines
for COPD are also available,*s but these may not be rel-
evant to patients with asthma or cystic fibrosis.

Research evidence comes from clinical research with
intact patients. Animal studies do not trump patient stud-
ies. That isnot to say that animal studies are not important
to test proof-of-concept or to explore physiologic mecha-
nisms. However, care must always be taken when extrap-
olating animal studiesto patient care. The findings of prop-
erly conducted studies in a relevant patient population
should never be discarded in favor of the findings from an
animal study. No number of animal studies can outweigh
the findings of even a single well-done human study. An-
imal studies and bench models can support human studies,
but they cannot invalidate the results of well-done clinical
studies.

Research evidence has a short doubling time—perhaps
10 years or less. Thus it can be a challenge for clinicians
to stay abreast of the newest research findings. The evolv-
ing research evidence replaces currently accepted diagnos-
tic tests and treatments with new ones that are more pow-
erful, more accurate, more efficacious, and safer.
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Patient values and expectations are an important part of
evidence-based medicine. For example, there is a compel-
ling body of high-level research evidence supporting the
use of noninvasive positive-pressure ventilation (NPPV)
for COPD exacerbation, in which NPPV decreasesthe risk
of intubation and affords a survival benefit.4647 However,
the patient suffering COPD exacerbation may choose not
to accept NPPV. Some patients may elect intubation or
tracheostomy instead of NPPV, and others may elect not to
receive positive-pressure ventilation at all. Another exam-
ple relates to the choice of aerosol delivery device. There
is compelling evidence that outcomes are similar with neb-
ulizer or metered-dose inhaler with valved holding cham-
ber.#¢ However, the patient may reject the metered-dose
inhaler in favor of the nebulizer. Although that may con-
tradict the clinician’s bias, the patient’s choice should be
respected; moreover, the nebulizer may result in better
compliance if it better meets patient expectations.

Evidence-based medicine is not “cookbook” medicine
or “cost-cutting” medicine. The best evidence needs ex-
trapolation to the patient’s unique pathophysiology and
values. With evidence-based medicine, costs may increase,
decrease, or remain unchanged.

Hierarchy of Evidence

It has been suggested that a hierarchy of evidence can
be used to assess the strength of evidence upon which
clinical decisions are based (Table 1).424° The hierarchy
implies a clear course of action when addressing a clinical
problem. Clinicians should seek the highest available ev-
idence from this hierarchy. Note that evidence always ex-
ists but it may be weak. The strongest available evidence
may be the unsystematic observations of a single clinician
or a generalization from physiologic studies (eg, animal
studies or bench studies). Nonetheless, there is aways
evidence.

Randomization is an important attribute of higher-level
evidence. The highest evidence levd is an “n-of-1" random-
ized, controlled trial, in which a patient undergoes pairs of
treatment periods in which he or she receives a target
treatment in one period of each pair and a placebo or
alternative in the other.50-54 The order of the target and
control treatment periods is randomized and quantitative
ratings are made for each treatment. The n-of-1 random-
ized, controlled trial continues until both the patient and
clinician conclude that there is or is not benefit from the
intervention. For example, imagine that a decision is made
to try positive expiratory pressure therapy with a cystic
fibrosis patient. The clinician and patient agree that a clin-
ically useful outcome measure is sputum production. A
12-week trial is designed. For the first week the only spu-
tum clearance technique is huff coughing. For the second
week the patient uses huff coughing plus a positive expi-
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Table 1. Hierarchy of Evidence

Strength of Evidence Type of Evidence

n-of-1 randomized trials
Meta-analysis of randomized trials
Randomized controlled trials
Systematic reviews of observational
studies

Observational studies

Physiologic studies

Unsystematic clinical observations

Strongest

Intermediate

Weakest

ratory pressure device (using the technique described by
the device manufacturer). In the third week the positive
expiratory pressure device is used, but the pressure is set
at such alow level that it is probably sub-therapeutic (ie,
sham therapy). The patient is naive to the therapy and does
not know whether the device should be used with or with-
out the high-pressure setting. The order of treatments is
randomized (the patient flips a coin) and the sequence is
repeated 4 times. Each day the sputum produced during
the therapy session is weighed. A diary is kept in which
events such as chest infections are logged. At the end of 12
weeks the results are analyzed (this may include statistical
analysis), reviewed together by the clinician and patient,
and a collaborative decision is made regarding the benefit
of the therapy. In this manner an objective decision is
made regarding the benefits of the therapy for this indi-
vidual patient.

There are some therapies for which there has not been a
randomized trial and one might argue that a randomized
trial is either unethical or unnecessary. For example, it is
unlikely that a randomized trial will ever be conducted to
study the survival benefit of mechanical ventilation in pa-
tients with apnea, transfusion for massive blood loss, or
antibiotics for bacterial pneumonia.

In respiratory care some therapies are unproven. In other
words, the evidence to support their use is weak. Because
a therapy is unproven does not mean that it is wrong, but
it also does not mean that is right. There is aso the issue
of the role, if any, for rescue therapy. Rescue therapy is
use of an unproven therapy for a patient who, in the clin-
ical opinion of those providing care, is failing conven-
tional therapy. If the patient improves, that improvement is
attributed to the new therapy. Although the mgjority of
patients who receive the rescue therapy do not survive, the
survival of the few is attributed to the rescue therapy,
which is a most curious reasoning. One might argue that
the rescue therapy is ineffective because the mgjority of
patients who receive it do not survive (perhaps those with
ahigh likelihood of a good outcome survive in spite of the
rescue therapy rather than because of it!). Of concern is
that rescue therapy is often also expensive therapy.
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Table 2.  Results of a PubMed Search Limited to the Dates of 1/1/2000

to 9/1/2003, Human Studies, and English Language*

Topic Citations
Mechanical ventilation 2,540
Oxygen therapy 526
Aerosol therapy 1,216
Airway clearance 65
Chronic obstructive pulmonary 1,981
disease
Asthma 4,530
Acute respiratory distress syndrome 610
Ventilator-associated pneumonia 134

*It is difficult for any one person to read al of this literature and assess its validity.

Finding the Evidence

There are many sources of evidence. Textbooks are in-
effective sources of evidence because the information they
contain is often outdated. That is not to say that textbooks
are not useful. In fact, they are useful as a source of back-
ground information on anatomy, physiology, and pharma-
cology. A textbook is a good source for students to find
large amounts of factual information. However, textbooks
generally are not good sources of best evidence. A PubMed
search (http://www.pubmed.gov) is an inefficient method
of finding the best evidence, because it usually returns an
overwhelming amount of information (Table 2). A com-
prehensive PubMed search for purposes of identifying the
best evidence is overwhelming. Few individuals will have
the time to read all of the reports identified in a PubMed
search, assess the validity of the evidence, and develop
strategies to incorporate it into everyday practice.

The efficient approach to finding the best evidenceis to
identify a systematic review or evidence-based clinical
practice guidelines.s> A systematic review isasummary of
the literature that (1) uses explicit methods, (2) isbased on
a thorough literature search, (3) performs a critical ap-
praisal of individual studies, and (4) uses statistical tech-
niques to combine data from valid studies (meta-analy-
Sis).56 In a systematic review the primary evidence is
rigorously identified and appraised. Unlike the traditional
narrative review, a systematic review uses explicit meth-
ods. In the traditional narrative review the author’s biasis
stated and supported with a reference (or sometimes a lot
of references). A systematic review critically assesses all
of the evidence and then bases the review on the strength
of that evidence. Systematic reviews have recently become
available for the topics of aerosol-delivery-device selec-
tion,#8 managing COPD exacerbations,*> incentive spirom-
etry,57 airway clearance techniques,s8 and patient selection
for noninvasive positive-pressure ventilation.46:47.59
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Table 3. Grading Schemes Used in Clinical Practice Guidelines

American Association for Respiratory Care grading scheme for
evidence-based clinical practice guidelines’*
Level 1: Randomized controlled trial with statistically significant
results
Level 2: Randomized controlled trial with substantial threats to
validity (eg, small sample size, inappropriate blinding,
weak methodology)
Level 3: Observational study with a concurrent control group
Level 4: Observational study with a historical control group
Level 5: Bench study, animal study, case series
Centre for Evidence-Based Medicine (Oxford, United Kingdom)
evidence levels®?
Level la Systematic review with homogeneity of randomized
controlled trials
Level 1b: Individual randomized controlled trial with narrow
confidence interval
Level 1c: Case series where al patients died before the therapy
became available, but some now survive with it; or when
some patients died before the therapy became available,
but none now die with it
Level 2a: Systematic review with homogeneity of cohort studies
Level 2b: Individua cohort study (including low-quality
randomized controlled trials)
Level 2c: Audit or outcomes research
Level 3a: Systematic review with homogeneity of case-control
studies
Level 3b: Individua case-control study
Level 4: Case series and poor-quality cohort and case-control
studies
Level 5: Expert opinion without explicit critical appraisal, or based
on physiology or bench research

Increasingly, evidence-based clinical practice guidelines
are becoming available. Creating an evidence-based guide-
line requires asking relevant questions, systematically
searching the literature, using explicit methodology, grad-
ing the evidence, making recommendations, and grading
the recommendations based on the strength of the evi-
dence.®® Table 3 describes 2 examples of recommenda
tion-grading schemes.5.62 The recommendations must be
supported by evidence, and the evidence level must be
unambiguous and defensible. If evidence-based guidelines
are to be useful, they must be valid. Following are criteria
for valid evidence-based guidelines:4243

» Are the recommendations based on a comprehensive
review of the literature?

* |sthereasystematic review of theliterature that islinked
to each recommendation?

» Do the recommendations consider all appropriate patient
groups?

* |s the strength of each recommendation graded?
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Reference Standard
Positive Negative
Positive a b
Test Result Negative c d

True positive = a True negative = d

Faise positive = b False negative = ¢

Sensitivity = a/(a + c) Specificity = d/(b + d)

Likelihood ratio for positive test (LR+) = sensitivity/(1 — specificity)
Likelihood ratio for negative test (LR-) = (1 — sensitivity)/specificity
Positive predictive value (PPV) = a/(a + b)

Negative predictive value (NPV) = d/(c + d)

Diagnostic accuracy = (a+d)/f(a+ b +c+d)

Converting Between Probability and Odds
Pre-test odds = pre-test probability/(1 — pre-test probability)
Post-test odds = pre-test odds x likelihood ratio
Post-test probability = post-test odds/(post-test odds + 1)

Example: Comparison of the resuits of a diagnostic
test (f/V1) with the results of a reference standard
(successful weaning), assuming that f/Vr < 100
indicates weanability.

Weaning Trial

Successful Unsuccessful
<100 32 12
Nt 00 T 19

True positive = 32

False positive = 12

Sensitivity = 32/(32+1) = 97%
Specificity = 19/(12+19) =61%
Likelihood ratio for positive test (LR+) = 0.97/(1 - 0.61) = 2.49
Likelihood ratio for negative test (LR-) = (1 - 0.97)/0.61 = 0.05
Positive predictive value (PPV) = 32/(32 + 12) =0.73

Negative predictive value (NPV) = 19/(1 + 19) = 0.95
Diagnostic accuracy = 51/64 = 0.80

True negative = 19
False negative = 1

Fig. 1. Statistical tests commonly used to assess a diagnostic test.
f/V; = ratio of respiratory frequency to tidal volume (rapid shallow
breathing index). (Data adapted from References 66 and 67.)

Recent evidence-based clinical practice guidelines ad-
dress discontinuation of mechanical ventilation,® care of
the ventilator circuit and its relation to ventilator-associ-
ated pneumonia,®! sedation,®* and neuromuscular block-
ades> of mechanically ventilated patients.

Several sources can be searched for evidence-based sys-
tematic reviews and clinical practice guidelines. PubMed
can be searched with the term “meta-analysis’ or “practice
guideline.” OVID can be searched using the databases
“Clinical Evidence,” “EBM Reviews- ACP Journal Club,”
“EBM Reviews - Cochrane Central Register of Controlled
Trials,” “EBM Reviews - Cochrane Database of System-
atic Reviews,” “EBM Reviews - Database of Abstracts of
Reviews of Effects,” and “EBM Reviews Full Text - Co-
chrane DSR, ACP Journal Club, and DARE.”

OVID is a relatively expensive subscription database
and is available in many medical libraries. The Cochrane
Database is arich source of systematic reviews, including
many related to respiratory care. Abstractsin the Cochrane
Database can be searched free of charge (http://www.
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cochrane.org/reviews/index.htm). Systematic reviews and
guidelines may be outdated and should be supplemented
by subsequent randomized, controlled trials.

Examining the Evidence for a Diagnostic Test

In respiratory care, diagnostic tests are commonly used
to make clinical decisions. Using the tools of evidence-
based medicine, metrics are calculated, such as sensitivity,
specificity, receiver operating characteristic curves, and
likelihood ratios (Fig. 1),42 which are defined as follows:

Sensitivity: the proportion of patients who have the dis-
order and are correctly identified by the test

Secificity: the proportion of patients who are free of the
disorder and are correctly identified by the test

Likelihood ratio: the relative likelihood that a diagnostic
test would be expected in a patient with a disorder of
interest (as opposed to one without):

A likelihood ratio of 1 indicates that the post-test prob-
ability is exactly the same as the pre-test probability.
Thus, a diagnostic test with an LR of 1 is not helpful.

A likelihood ratio >1 increases the probability that the
target condition is present, and a likelihood ratio <1
decreases the probability that the target condition is
present.

e A likelihood ratio >10 or < 0.1 generates large and
conclusive changes in the probability of a given diag-
nosis.

A likelihood ratio in the range of 5to 10 or 0.1 to 0.2
generates a moderate and usually useful shift in pre-test
to post-test probability.

A likelihood ratio in the range of 2 to 5 or 0.5 to 0.2
generates a small but sometimes important change in
pre-test probability.

A likelihood ratio in the range of 1 to 2 or 0.5 to 1.0
alters the probability of a given condition to a small and
rarely important degree.

Receiver operating characteristic curve: atype of figure
that shows the power of a diagnostic test. It plots the
true-positive rate (sensitivity) on the vertical axis and the
false-positive rate (1-specificity) on the horizontal axis, for
different cut-points, thus dividing a positive from a nega-
tive test. For a perfect test the area under the curve is 1.0.
For a test that performs no better than chance, the area
under the curve is 0.5.

The rapid-shallow breathing index (RSBI, which is the
ratio of respiratory frequency to tidal volume [f/V{]) can
illustrate the use of these statistical metrics (see Fig. 1).66
From the data originally published by Yang and Tobin,”
it can be seen that the likelihood ratio for a positive test
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Fig. 2. Use of a nomogram to determine post-test probability from
pre-test probability and likelihood ratio. The solid lines represent
the likelihood ratio from the report by Yang and Tobin.6” The dashed
line represents the likelihood ratio from the report by Meade et
al.e8 A: Patient recovering from ARDS with 80% pre-test proba-
bility of weaning. B: Patient recovering from COPD with 20% pre-
test probability of weaning. f/V; = ratio of respiratory frequency to
tidal volume (rapid shallow breathing index).

indicating extubation readiness (ie, RSBl < 100) is 2.49
and the likelihood ratio for a negative test (ie, RSBI
>100) is 0.05. A meta-analysis by Meade et al®8 suggests
likelihood ratios of 1.58 for positive and 0.22 for negative
predictions. Likelihood ratios of those magnitudes gener-
ate a small change in pre-test probability.
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Fig. 3. Summary receiver operating characteristic curve for the
ability of the rapid shallow breathing index (RSBI, which is the ratio
of respiratory frequency to tidal volume) to predict successful ex-
tubation. The numbers in the figure represent the RSBI cut points
from the various studies. (Adapted from Reference 68.)

A nomogram can be used to derive post-test probabilities
from the pre-test probability and the likelihood ratio.5® Imag-
ine a 25-year-old patient with resolving ARDS following
multiple trauma. In your experience 80% of similar patients
extubate successfully following resolution of the ARDS (ie,
the pre-test probability of successful extubation is 80%). Sup-
pose that the patient’'s RSBI is 85 (breathg/min)/L (test pos-
itive for extubation). As shown in Figure 2, using the likeli-
hood ratio from either Yang and Tobin®” or Meade et a®8
produces a post-test probability of successful extubation that
differs little from the pre-test probability. However, if the
RSBI is 120 (breaths/min)/L (test negative for extubation),
the post-test probability of successful extubation does
change—particularly with thelikelihood ratio from Y ang and
Tohin.s7

Imagine a 75-year-old patient with resolving COPD
exacerbation. In your experience only 20% of similar
patients extubate successfully following resolution of
the COPD exacerbation (ie, pre-test probability of suc-
cessful extubation is 20%). Suppose the patient’s RSBI
is 85 (breaths/min)/L. As shown in Figure 2, the like-
lihood ratio with either Yang and Tobin®” or Meade et
al%8 produces a post-test probability of successful extu-
bation that increases the pre-test probability, but not by
a lot. However, if the RSBI is 120 (breaths/min)/L the
post-test probability of successful extubation is ex-
tremely low, particularly with the likelihood ratio from
Yang and Tobin.s?

The previous examples not only illustrate how the tools
of evidence-based medicine can be applied to a diagnostic
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test but also that the diagnostic tests that have come into
common use (eg, RSBI) may marginally affect post-test
probability and thus clinical decision-making. This can
also be illustrated with the receiver operating characteris-
tic curve (Fig. 3). The modest area under the curve (0.70)
indicates that the RSBI has no more than modest accuracy
for predicting extubation readiness.®8

Examining the Evidence for a Therapy

Increasingly, studies are being published related to re-
spiratory therapy. It is important to assess the validity of
such studies. High-level studies are prospective, random-
ized, blinded, placebo-controlled, conceal ed all ocation, par-
allel design, and assess patient-important outcomes.#2

Prospective study: prospective investigation of the fac-
tors that might cause a disorder in which a cohort of in-
dividuals who do not have evidence of the outcome of
interest but who have been exposed to the putative cause
are compared with a concurrent cohort who are also free of
the outcome but have not been exposed to the putative
cause. Both cohorts are then followed to compare the in-
cidence of the outcome of interest.

Randomi zation: random all ocation of individual sto study
groups, usually done with the aid of a table of random
numbers. This differs from systematic allocation (eg, even
and odd days of the month) or allocation at the conve-
nience or discretion of the investigator.

Blind (or blinded or masked): The research participant
of interest (the patient, the clinician, the person monitoring
outcomes, the assessor of outcomes, the dataanalyst, and/or
and the person who writesthe report) isunaware of whether
the patient has been assigned to the experimental group or
control group.

Placebo: intervention without biologically active at-
tributes

Concealment: Randomization is concealed if the person
who is making the decision about enrolling a patient is
unaware of whether the next patient enrolled will be en-
tered in the treatment or control group.

Parallel design: Subjects are randomly assigned to the
treatment or control group, an intervention is applied, and
the outcome isidentified for each subject. Thisis different
than a cross-over study, in which subjects receive both the
treatment and the control intervention.

Depending on the type of study, some of the latter re-
search principles cannot be applied. For example, blinding
is not possible with studies of aerosol-delivery devices.
Placebo-controlled studies of noninvasive ventilation are
difficult to implement.

When assessing a therapy, it is important to evaluate a
patient-important outcome. Clinicians are often interested
in physiologic outcomes such as arterial blood gas values.
Patients, on the other hand, are more interested in out-
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Outcome
Present Absent
Present a b
Treatment Absent P d

Controlled event rate (CER) = c/(c + d)

Experimental event rate (EER) = a/(a + b)

Relative risk (RR) = EER/CER = [a/(a + b))/[c/(c + d)]
Relative risk reduction (RRR) = 1 - RR

Absolute risk reduction (ARR) = c/(c + d) ~ a/(a + b)
Number needed to treat (NNT) = 1/ARR

Odds ratio (OR) = (a x d)/(c x b)

Example: The resuits of the ARDS Network study **

Outcome
Dead at |Alive at
28d 28d
Vrof6miJkg (134 208
Treatment '<;-5¢12 mUkg [171 250

Control-group (12 mbL/kg) mortality = 171/(171 + 259) = 0.398
Experimental-group (6 mlL/kg) mortality = 134/(134 + 298) = 0.31
Relative risk (RR) = 0.31/0.398 = 0.787

Relative risk reduction = 1 - 0.787 = 0.213 (21.3%)

Absolute risk reduction = 0.398 - 0.31 = 0.088 (8.8%)

Number needed to treat = 1/0.088 = 11

Odds ratio = (134 x 259)/(171 x 298) = 0.68

Fig. 4. Statistical tests commonly used to assess a therapy.

comes such as survival. There are situations in which an
improvement in a physiologic variable such as P, does
not correlate with patient-important outcomes. For ARDS
patients inhaled nitric oxide improves P, but not mor-
tality.” Mask CPAP improves P, but not intubation rate
or mortality.”* For ARDS patients prone positioning im-
proves P, but not mortality.” With ARDS patients higher
V1 improves P,o, but mortality is lower with lower V.44

Using the tools of evidence-based medicine, metrics can
be calculated, such as event rate, relative risk, relative risk
reduction, absolute risk reduction, number needed to treat,
and odds ratio (Figure 4),42 which are defined as follows:

Event rate; proportion of patientsin agroup in whom an
event is observed. “Control event rate” and “experimental
event rate” refer to the event rates in the control and ex-
perimental groups.

Relative risk: ratio of the risk of an event in the exper-
imental group to the risk in the control group. A relative
risk < 1 indicates benefit from the intervention, arelative
risk > 1 indicates harm from the intervention, and a rel-
ative risk = 1 means the intervention has no effect.

Relative risk reduction: estimate of the proportion of
baseline risk that is removed by the therapy.

Absolute risk reduction: difference in the absolute risk
(percentage or proportion of patients with an outcome) in
the exposed (experimental event rate) versus the unex-
posed (control event rate).

Number needed to treat: number of patients who need to
be treated to prevent one bad outcome
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Odds ratio: ratio of the odds of an event in an exposed
group to the odds of the same event in a group that is not
exposed

Another important statistic used in evidence-based med-
icine is the confidence interval, which is defined as the
range of values within which it is probable that the true
value lies for the whole population of patients from whom
the study patients were selected. The confidence interval is
affected by sample size and effect size (ie, the difference
in outcomes between the intervention and control groups
divided by some measure of variability, typically the stan-
dard deviation). The confidence interval draws attention to
the importance of sample size. A larger sample size nar-
rows the range of the confidence interval, increasing the
precision of the study results. A larger sample size also
decreases the risk of atype 2 (or beta) error, in which the
study fails to detect a statistically significant difference
between the treatment and control groups. High-level stud-
ies conduct a power analysis as part of the study design so
that an appropriate sample size can be determined a priori.

The ARDS Network study provides an example.*4 In
that study 861 patients with ARDS or acute lung injury
(ALI) were randomly assigned to be mechanically venti-
lated with a V; of either 12 mL/kg or 6 mL/kg. The
primary outcome was mortality. Figure 4 shows the rele-
vant statistics. The mortality of the control group (12 mL/
kg) was 39.8% and the mortality of the treatment group (6
mL/kg) was 31%. The relative risk of mortality was lower
in the treatment group (0.787), with a relative risk reduc-
tion of 0.213 compared to the control group. For mortality
there was an absolute risk reduction of 8.8%, resulting in
a number-needed-to-treat of 11 patients. In other words,
for every 11 mechanically ventilated patients with ALI or
ARDS who receive a V; of 6 mL/kg (rather than 12 mL/
kg) 1 additiona life will be saved.

Meta-Analysis

Meta-analysis is a statistical analysis that combines the
results of several independent studies.2 As with any study
design, the question asked will influence the design and
the method of meta-analysis. Since it is based on a liter-
ature review, the meta-analysis is observational rather than
experimental in nature. The person conducting the meta-
analysis has limited control over the availability of studies
or the information reported in individual studies. The stud-
ies included in the meta-analysis should be comparable,
but the degree of comparability is subjective and deter-
mined by the person conducting the meta-analysis. In-
cluded studies should be identified from a comprehensive
review of the literature, and unpublished data should ide-
ally be included to reduce the risk of publication bias.
Clinical trials related to respiratory care are often expen-
sive, and it may be difficult to recruit an adequate sample
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Fig. 5. An example of a forest plot, as used to display meta-
analysis results. Shown are the relative risk (RR) point estimates
and 95% confidence intervals (Cls) from the individual studies and
from the pooled meta-analysis (total). In this example the RR for
ventilator-associated pneumonia is lower with less frequent ven-
tilator circuit changes. (From Reference 61).

size to avoid a beta error. A meta-analysis uses statistical
methods to combine the results of severa studies into a
single pooled metric. As seen in Table 1, a meta-analysis
of randomized, controlled trials is a higher level of evi-
dence than a single randomized, controlled trial. The re-
sults of a meta-analysis are often displayed as a “forest
plot” (Fig. 5). Meta-analyses of various respiratory-care-
related topics have recently been published, including ven-
tilator circuit change intervals,st lung-protective ventila-
tion strategies,”® continuous aerosol bronchodilator
administration,” the therapeutic values of helium-oxygen
mixture,”> and high-frequency ventilation of neonates.”®

Why Isn’t the Best Evidence
Implemented Into Practice?

The tenets of evidence-based medicine are not univer-
sally accepted. Some clinicians do not accept a hierarchy
of evidence, arguing instead that experiential evidence and
evidence from physiologic trials is as important as, or
perhaps even moreimportant than, empirical evidencefrom
well-done prospective randomized trials with humans.””.78
It is often pointed out that high-level evidence does not
exist for many respiratory care practices. However, that is
no excuse for not implementing high-level evidence when
it isavailable. Evidence-based medicine does not discredit
the value of physiologic studies. Such studies are impor-
tant to assess mechanisms of disease and to establish proof
of principle. Studies lower on the hierarchy of evidence
should not beignored. However, physiol ogic studiesshould
impact clinical practice less than the results of awell-done
randomized, controlled trial.
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The ARDS Network study#* is a case in point. Despite
the strength of the ARDS Network finding that mortality is
lower with a V; of 6 mL/kg than with 12 mL/kg, some
well-intentioned cliniciansnonethel essreject that finding.”
One recent study reported minimally reduced V+ in teach-
ing hospitals for the 2 years following publication of the
ARDS Network findings.8° | have heard a number of ar-
guments for not following the ARDS Network protocol:

* “They used volume-controlled ventilation and | like pres-
sure control.”

 “Patients don’'t look good when we try that.”

» “They didn’t use enough PEEP [positive end-expiratory
pressure] and they did not perform recruitment maneu-
vers.”

e “How do | know that 6 mL/kg is correct when they
didn’t study other V; between 6 and 12 mL/kg?’

These arguments are curious, given that the ARDS
Network study provides the best evidence to date re-
garding ventilator settings for ALI and ARDS patients.
And subsequent studies by the ARDS Network have not
found a physiologic benefit from recruitment maneu-
vers®t or a survival benefit for higher PEEP.82 The ben-
efit in terms of patient-important outcomes (mortality)
seems to be from limiting volume and pressure. There
have also been modifications to the ARDS Network
protocol in everyday practice. Some have interpreted
the ARDS Network findings to mean that the V is not
important, provided that the plateau pressureis < 30 cm
H,0.78 However, this is not how the ARDS Network
protocol was implemented in the randomized trial. If
one is to expect outcomes comparable to those reported
in the randomized trial, then the treatment must be im-
plemented the same way: same dose (6 mL/kg), same
dosing algorithm (V+ based on predicted body weight),
same dosing strategy (volume-controlled ventilation),
same patient population (ALl and ARDS), same adjunc-
tive therapy (PEEP-F,, ladder). Perhaps some of these
aspects are not important to the implementation of the
ARDS Network protocol. Maybe pressure control can
be used instead of volume control. But we don’t know;
that study has not been done. Caution should be taken to
avoid contaminating the evidence with local bias.

Another example relevant to respiratory care practice
is the use of semirecumbent position with mechanically
ventilated patients. Randomized trials have shown that
with mechanically ventilated patients the semirecum-
bent position is associated with less aspiration and pneu-
moniathan the supine position.83-86 Despite evidence of
better outcomeswith thisinexpensiveintervention, semi-
recumbent positioning is underutilized. Interestingly,
one study reported that nurses thought the primary ob-
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Common Reasons Clinicians Do Not Practice Evidence-
Based Medicine

Table 4.

They do not recognize the evidence (laziness)
They do not read the literature
They do not attend conferences
They do not talk to their colleagues
They do not believe the evidence (ignorance)
They do not believe the right study was done (eg, wrong dose)
The study is not consistent with lower levels of evidence (eg,
animal studies)
They believe that incorporating the evidence into practice is someone
else's job (blaming)
The system prevents incorporating the latest evidence
There is not enough time
The right resources are not available
There is not hospital policy supporting the practice change
They do not think the evidence applies to their practice (stubbornness)
Their patients are sicker
Their patients are older
Their patients have always done fine with their “expert” treatment

stacle to use of semirecumbency was physicians or-
ders, whereas physicians thought the main obstacle was
nursing preference.8” Unfortunately, blaming is a com-
mon barrier to the implementation of evidence-based
practice. Table 4 list some reasons evidence-based prac-
tice is not implemented.

There is aso the example of hand hygiene. All clini-
cians know that hand cleansing is important to prevent the
spread of infection. Compliance with this practice, how-
ever, is embarrassingly low. A study by Harbarth et al88
reported that the average hand hygiene compliance was
68% among respiratory therapists, 37% among physicians,
and 29% among nurses. Despite the convenience of effec-
tive hand-rubbing agqueous alcohol solutions strategically
placed throughout the patient care areas of the hospital,
compliance with the evidence-based practice of hand
cleansing is pathetic.

Summary

Evidence-based medicine has permeated al parts of
health care practice, including respiratory care. The prin-
ciples of evidence-based medicine provide us the tools to
incorporate the best evidence into our everyday practice.
Although not all tenets of evidence-based medicine are
universally accepted, the principlesof evidence-based med-
icine nonetheless provide a valuable approach to improve
respiratory care practice.
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