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The purpose of this review is to present a guide to help readers
critically appraise the methodologic quality of an article or
articles describing a clinical decision rule. This guide will also
be useful to clinical researchers who wish to answer 1 or more
questions detailed in this article. We consider the 6 major
stages in the development and testing of a new clinical decision
rule and discuss a number of standards within each stage. We
use examples from emergency medicine and, in particular,
examples from our own research on clinical decisions rules for
radiography in trauma.
[Stiell IG, Wells GA: Methodologic standards for the
development of clinical decision rules in emergency medicine.
Ann Emerg Med April 1999;33:437-447.]
INTRODUCTION

Reports of clinical decision rules are becoming increasingly
common throughout the medical literature and particularly
within emergency medicine journals. Clinical decision rules
(prediction rules) are designed to help physicians with
diagnostic and therapeutic decisions at the bedside. We
define a clinical decision rule as a decisionmaking tool that
is derived from original research (as opposed to a consensus-based clinical practice guideline) and incorporates 3 or
more variables from the history, physical examination, or
simple tests. 1 These tools help clinicians cope with the
uncertainty of medical decisionmaking and help clinicians
improve their efficiency, an important issue as health care
systems demand more cost-effective medical practice. A
recently published example of a decision rule that helps
emergency physicians cope with uncertainty is a guideline
about which patients with community-acquired pneumonia require hospitalization.2 A typical example of a
decision rule to improve efficiency are the Ottawa Ankle
Rules for the use of radiography in acute ankle injuries.3-8
Methodologic standards for the development of clinical
decision rules have been described, originally by Wasson et al9
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and Feinstein10 and more recently by our own research
group.1,11 We consider the following to be the 6 important stages in the development and testing of a fully
mature decision rule. First, is there a need for a decision
rule? Has current practice been shown to be inefficient or
highly variable? Second, was the rule derived according to
rigorous methodologic standards? Third, has the rule been
properly validated prospectively in a new patient group?
Fourth, has the rule been successfully implemented into
clinical practice and been shown to change behavior?
Fifth, would use of the rule be cost-effective according to
a formal health economic analysis? Sixth, how will the
rule be disseminated to ensure widespread adoption in
the emergency medicine community?
The purpose of this review is to present a guide to help
readers critically appraise the methodologic quality of an
article or articles describing a clinical decision rule. This
guide will also be useful to clinical researchers who wish

to answer 1 or more of the questions listed below. We will
consider the 6 major stages in the development and testing
of a new clinical decision rule and will discuss a number of
standards within each stage (Figure 1). We will use examples from emergency medicine and, in particular, examples
from our own research on clinical decision rules for radiography in trauma.
1. IS THERE A NEED FOR THE DECISION RULE?

Clinicians should ask themselves whether there really
appears to be a need for a particular decision rule, or whether
the rule appears only to represent the analysis of a convenient set of data. Is there a demonstrated inefficiency or
variation in current medical practice, and does there appear
to be the potential for improved efficiency through guidelines or a decision rule?
Prevalence of the clinical condition

Figure 1.

Checklist of standards for 6 stages in the development of a
clinical decision rule.
1. Is there a need for the decision rule?
Prevalence of the clinical condition
Current use of the diagnostic test
Variation in practice
Attitudes of physicians
Clinical accuracy of physicians
2. Was the rule derived according to methodologic standards?
Definition of outcome
Definition of predictor variables
Reliability of predictor variables
Selection of subjects
Sample size
Mathematical techniques
Sensibility of the decision rule
Accuracy
3. Has the rule been prospectively validated and refined?
Prospective validation
Selection of subjects
Application of the rule
Outcomes
Accuracy of the rule
Reliability of the rule
Physicians’ interpretation
Refinement
Potential effect
4. Has the rule been successfully implemented into clinical
practice?
Clinical trial
Effect on use
Accuracy of the rule
Acceptability
5. Would use of the rule be cost-effective?
6. How will the rule be disseminated and implemented?
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Does the proposed decision rule deal with a clinical
problem commonly seen in emergency departments? A
rule for an uncommon clinical entity is unlikely to be easily
adopted by physicians and is unlikely to contribute significantly to the overall efficiency of emergency medicine
practice. For example, because ankle injuries are one of the
most common problems seen in US EDs, one might expect
a decision rule for radiography to have an effect on the
management of hundreds of thousands of patients annually.12,13 We have estimated that $500 million is spent
annually on ankle radiographs in North America and that
even a modest reduction in the use of ankle radiography
could lead to large health care savings. On the other hand,
because injuries to the mandible are not common, a decision rule for this problem is unlikely to have a significant
effect.
Current use of the diagnostic test

If the decision rule proposes to guide the ordering of a
diagnostic test, are there data clearly demonstrating that
current use of the test is inefficient? For example, we have
previously shown that 87.2% of ankle and foot radiographs
and 92.4% of knee radiographs ordered in EDs are negative
for fracture.14,15 Although we have no exact data, we suspect
that a majority of hip radiographs ordered are, in fact,
positive for fracture and that, consequently, hip radiography
would not be a productive area for a decision rule.
Variation in practice

Is there significant variability in clinical practice among
similar physicians or similar institutions? The low yield of
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a diagnostic test for positive results may not necessarily
imply inefficiency, especially if the cost of a “missed”
diagnosis is high. One would expect the yield of cervical spine radiography to be low in that emergency
physicians naturally tend to be cautious when dealing
with the possibility of a broken neck. Hence, our recent
finding that results of 98.5% of cervical spine radiographs ordered in Canadian EDs are negative would not
surprise many physicians. What does suggest a need for
a decision rule, however, is our finding that use of cervical spine radiography varies twofold among equivalent
busy hospitals and sixfold among attending staff physicians in these EDs. 16 We have also demonstrated great
variation in the use of computed tomography (CT) for
patients with minor head injury. 17
Attitudes of physicians

The need for a clinical decision rule is further supported if there is evidence that emergency physicians
believe that many of the diagnostic tests they order are
unnecessary. For example, we demonstrated in studies
involving more than 1,700 patients that experienced
attending physicians expected the likelihood of fracture to be 10% or less in 57.8% of ankle injury cases
and 75.6% of knee injury cases. 15 Despite ordering
radiography for most patients, these same physicians
indicated that they would have been theoretically comfortable with no radiography for 45.9% of patients
with ankle injuries and 55.5% of patients with knee
injuries. In a mail survey, we gathered compelling evidence that Canadian emergency physicians strongly
support the development of decision rules for
cervical spine radiography as well as CT for minor
head injury. 18 These data have led to 2 large national
research projects to derive and validate rules for
radiography in head and neck trauma.
Clinical accuracy of physicians

There is little likelihood that a decision rule will
ultimately diminish reliance on diagnostic tests if
physicians are unable to accurately predict a patient’s
outcome on the basis of clinical findings alone. We
were convinced of the potential for improved efficiency
in the use of ankle and knee radiography when we
demonstrated that, based on history and physical
examination alone, experienced emergency physicians could very accurately discriminate between
fracture and nonfracture cases (respective areas
under the receiver operating characteristic curves
.88 and .87). 14,15
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2. WAS THE RULE DERIVED ACCORDING TO
M E T H O D O L O G I C S TA N D A R D S ?

Research methodology standards for the derivation of a
clinical decision rule were first reviewed in 1985 in a
landmark paper by Wasson et al.9 Feinstein,10 one of the
fathers of clinical epidemiology, later added to the literature
of evidence-based patient assessment in his book
Clinimetrics. More recently, our research group at the
University of Ottawa Clinical Epidemiology Unit
assessed clinical decision rule articles in 4 major medical
journals and proposed modifications to Wasson et al’s original methodologic standards.1 In the following discussion,
numbers in parentheses indicate the percentage of published studies meeting these criteria (in Journal of the
American Medical Association, New England Journal of
Medicine, British Medical Journal, and Annals of Internal
Medicine).
Definition of outcome

The outcome being identified by the clinical decision
rule should be clinically important (100% of reviewed
studies met this criterion)1 and clearly defined (83%).
Survival (eg, death), radiologic results (eg, fracture), and
laboratory results (eg, elevated WBC count) are all biologic
outcomes that can be clearly defined and reproduced in
other settings. Although survival and fractures are clinically
important outcomes, most emergency physicians would
not consider a laboratory marker such as WBC count to
be any more than a weak surrogate outcome. A behavioral
outcome such as hospital admission may be dependent on
local factors and difficult to replicate, and as a result not be
of high clinical relevance. Similarly, the term “positive computed tomography” in a head injury study cannot be considered clearly defined unless the investigators explicitly
indicate that the outcome refers only to “acute brain findings
attributable to trauma” rather than to chronic or soft tissue
findings.19,20
To avoid the danger of observation bias, the outcome
measure should be assessed blindly (41%), that is, without
knowledge of the status of the predictor variables. This
standard is more important when evaluation of the outcome
is “soft” or subject to interpretation (eg, days off work), and
less important for a “hard” outcome such as death.
Definition of predictor variables

Potential predictor variables for a decision rule should be
clearly defined (59%) and ideally collected in a prospective
standardized fashion. Investigators should ensure that the
physicians in their study have been adequately trained to
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evaluate the patients and collect data according to wellstandardized assessment techniques. Clinical data tend to
be most reliable when collected prospectively and recorded
on a data collection form designed specifically for a decision
rule study. Less satisfactory are data collected prospectively
as part of a clinical trial and then subjected to a post hoc
secondary data analysis. Large administrative databases may
also be used as a source of predictor and outcome variables
but they frequently lack key clinical variables. Data collected
from review of clinical records lack precision and are missing information and are generally unacceptable other
than for assessing feasibility.
Again, to avoid observation bias, the assessment of
predictor variables should be done without knowledge of
the outcome (79%). Knowing, for example, that a patient
has a knee fracture, might very well influence how a physician interprets and records the physical examination on a
data form.
Reliability of predictor variables

Decision rules are highly dependent on findings from
the clinical examination, so unless these findings are reliable the resultant rule will not be dependable. Reliability
refers to the consistency or reproducibility of the findings
by the same clinician (intraobserver reliability) or by different clinicians (interobserver reliability).21-23 In assessing reliability, the coefficient used for agreement depends
on the level of measurement, namely, the simple κ for
dichotomous or nominal data, 23,24 the weighted κ for
ordinal data,23 and the intraclass correlation coefficient for
interval data.25 Several articles have been published regarding the determination of sample size for reliability studies
from the perspective both of the precision of estimation and
of comparison of coefficients.26-29
We believe that the reliability of the predictor variables
(3%) should be explicitly assessed and that only those with
good agreement beyond that expected by chance alone
should be considered for a decision rule. For example,
during the derivation of the Ottawa Ankle Rules we assessed
32 variables for interobserver agreement by having patients
assessed independently by pairs of physicians.30 Twentythree of these findings were discarded when they proved
to have κ values of less than .6. What constitutes acceptable
agreement depends somewhat on the coefficient to be used
and on the nature of the clinical problem.
Selection of subjects

Readers must be able to understand the generalizability of the findings of a decision rule study, as well as its
applicability to their own patients. Hence, the study sub-
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jects should be well described in terms of inclusion criteria, method of selection, clinical and demographic characteristics (79%), and the study setting (66%). Explicit inclusion criteria allow readers to understand clearly what types
of patients are being studied and, therefore, to which
patients the derived rule may be applicable. For example,
the Ottawa Ankle Rules were developed only with patients
aged 18 years and older and should not be considered
appropriate for pediatric patients. Similarly, if a decision
rule for cervical spine radiography were derived in patients
who were alert and stable then clinicians could not apply
the rule to patients who were obtunded or in unstable condition. Some studies fail to specifically define their study
population and enroll patients chosen for a particular
diagnostic test at the discretion of the treating physician.
Because different physicians may use different criteria for
ordering tests, the reader of these studies has a difficult
time deciding if the study patients were similar to his or
her own.
Ideally, the method of patient selection is free of bias so
that study subjects encompass a wide clinical and demographic spectrum and are representative of all patients seen
at the site with the designated condition. The investigators
should report all pertinent characteristics of patients
included in the study as well as of those eligible but not
included. For example, a study of knee radiography that
systematically excluded more severely injured patients
because the physicians were too busy to complete the data
form may result in a decision rule with limited applicability.
The study site should be described in sufficient detail
to permit the reader to make a comparison to his own emergency department. Was the study actually conducted in an
ED or, rather, in a clinic or office setting? Was the hospital
a primary, secondary, or tertiary care facility? Was this a
teaching institution? What was the “referral filter” (ie, what
proportion of patients were self-referred as opposed to
being sent in by a physician?) As an example, the status of
patients seen in a neurologist’s clinic for migraine might be
expected to differ considerably from that of patients presenting to an ED with severe intractable migraine.
Sample size

The authors should justify the number of subjects enrolled
in the study. Of particular importance is that the sample
size be appropriate for the type of multivariate analysis
chosen. There may be problems with overfitting the data
if there are too few outcome events per predictor variable.
A commonly used “rule of thumb” is that there should be
at least 10 outcome events per independent variable in the
prediction rule. 9 Another important consideration in

ANNALS OF EMERGENCY MEDICINE

33:4 APRIL 1999

METHODOLOGIC STANDARDS
Stiell & Wells

choosing the study sample size is the degree of precision in
the confidence interval (CI) around the measure of accuracy
(eg, the sensitivity of the rule). For example, a study to
develop a prediction rule for rib fractures would require at
least 40 subjects with positive radiographic results if the
rule encompassed 4 predictor variables. If all rib fractures
were identified in such a study, the rule could be said to have
a sensitivity of 1.0; however, the CI around the sensitivity would be .91 to 1.0.
Ideally, sample size should be determined on the basis of
the mathematical modeling technique used and the estimation and relationship of predictors used in model development. In most instances, such detailed information will be
unknown. However, if pilot data were available that could
be used to demonstrate the feasibility of a particular statistical model and provide initial estimates of the parameters
and their covariances, then a sample size that suitably
bounds the CI for estimating the response could be used
as the basis for sample size determination. As an example,
if the logistic regression model is appropriate and pilot data
are available, sample size calculations using this approach
have been developed.31,32
Mathematical techniques

The mathematical techniques used to derive a decision
rule should be adequately described and justified (100%).
Many techniques are available, from a simple 2×2 crosstabulation of each predictor variable with the outcome to
sophisticated multivariate analyses. Although univariate
analyses are easy to perform, they do not allow the exploration of the relationship of predictor variables with each
other and with the outcome. To achieve this end, multivariate statistical approaches such as logistic regression and
recursive partitioning are commonly used. The variables to
be included in a multivariate analysis are usually “screened”
by assessment of the univariate association with the outcome, as well as an assessment of the reproducibility of
the variable.
χ2 Recursive partitioning analysis progressively divides
the patients into a subpopulation that includes only patients
with a particular outcome.33-35 This approach is quite
appropriate when the objective of the study is to develop
a decision rule with a very high sensitivity. For example,
recursive partitioning was used to develop the Ottawa
Ankle Rules, which identify a subgroup of patients with zero
probability of having a significant fracture (Figure 2).3,36
Although logistic regression also predicts the likelihood of a binary outcome (eg, myocardial infarction or no
myocardial infarction), this probability is given as the
“logit” or log odds, which can be used to calculate a sim-
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ple odds ratio.37 Logistic regression analyses tend to lead
to decision rules with higher overall accuracy (ie, better
overall classification of all patients) but possibly less than
optimal sensitivity (ie, <100% classification of abnormal
patients).38
Sensibility of the decision rule

Feinstein10 coined the term “sensibility” to describe
whether a decision rule is clinically reasonable (97%), easy
to use (41%), and provides a course of action (0%). Assessment of sensibility depends on judgment rather than on
statistical methods. Ideally, a decision rule should demonstrate content validity, which means that most clinicians
would consider the items in the rule to be clinically sensible, that no obvious items are missing, that the method of
grouping the individual variables is reasonable, and that the
items seem appropriate for the purpose of the rule. Ease of
use depends on factors such as the length of time needed to
apply the rule and simplicity of interpretation. In the ED, it
is unlikely that physicians would embrace a rule that requires
extensive calculations or use of a calculator. Similarly, a rule
will not be useful if it depends on laboratory results that are
not available in a timely fashion.
We believe that decision rules are more likely to be used
if they suggest a course of action rather than if they merely
provide a probability of outcome. For example, a rule to
predict the need for a cranial CT for nontrauma patients
proposes a “CT/no CT” course of action rather than giving
a percentage probability of abnormality on CT. 39 In the
case of the Ottawa Ankle Rules, clinicians are also
advised whether to order radiography. We believe that
merely giving the probability of fracture (eg, 2%) may
lead to uncertainty in the clinician’s decision to order a
radiograph. An estimate of an outcome probability may,
however, be useful for both the clinician and the patient in
situations where the relative costs and benefits of a
treatment option are less clear. A recently developed clinical model for deep vein thrombosis stratifies ED patients
into low-, medium-, and high-probability groups.40-42
Accuracy

Authors should make an effort to present the accuracy or
classification performance (100%) based on the population
from which the decision rule was derived. If the outcome is
dichotomous (eg, fracture or no fracture), then a 2×2 table
should be presented along with calculations of sensitivity,
specificity, negative predictive value, and positive predictive value, with the respective 95% CIs.43,44 Sensitivity and
specificity are characteristics of the decision rule itself and
refer to the classification accuracy for patients with an
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abnormal outcome and a normal outcome, respectively.
Negative and positive predictive values are greatly influenced by the prevalence of the outcome in the population
being studied.
In many emergency medicine scenarios, high sensitivity,
or the ability to “rule out” an outcome if the result is negative,
is important. Alternately, a rule with a high specificity will
“rule in” a condition or outcome if the result is positive. For
conditions where the cost of missing the outcome is serious (eg, myocardial infarction,45,46 fracture), then a very
high sensitivity is required. Unfortunately, a very high
sensitivity tends to be associated with a decreased specificity and, consequently, overall decreased efficiency of
the decision rule. For example, although the Ottawa Ankle
Rules are designed to have a sensitivity of 100%, they have
a relatively low specificity of 40%. Merely dropping the

sensitivity to 96% would increase the specificity to 58%
and greatly increase the potential for reducing radiography.
However, we believe that many North American clinicians
would be very uncomfortable using a rule with a sensitivity
of only 96%.47-49
The posttest probability of an outcome associated
with the prediction of a decision rule can be calculated
by the use of likelihood ratios. 43,50,51 A likelihood ratio
greater than 1.0 increases the probability of abnormality and a likelihood ratio less than 1.0 decreases it.
Likelihood ratios are particularly useful for rules with
more than 2 response categories. Receiver operator
operating characteristic curves result from the plotting
of sensitivity versus (1–specificity) using different cut
points in the data. 50,52 This technique allows a comparison of several rules and gives an overall estimate of

Figure 2.

1,047

68#

χ2

Example of
recursive
partitioning analysis
used to derive a clinical
decision rule.

# Fracture cases

A
44#
249

No

Yes

798

A

Inability to flex to 90 degrees

B

Age 55 or older

C

Tenderness at head of fibula

D

Inability to bear weight both
immediately and in emergency
department (4 steps)

E

Isolated tenderness of patella

24#

B
12#
89

Yes

No

709 12#
C

5#
45

Yes
No 664

7#

D

4#
53

Yes
No
3#

611

3#

E
81

Yes
0#
No

4 4 2

517

530

High Risk

Low Risk

ANNALS OF EMERGENCY MEDICINE

530

33:4 APRIL 1999

METHODOLOGIC STANDARDS
Stiell & Wells

accuracy, but is of limited clinical use because posttest
probability is not provided.
Another important performance index of decision
rules is an estimate of the potential impact of use. This
estimation is usually overlooked and, although often
optimistic, gives the reader a reasonable idea of the
potential savings associated with implementation of the
rule. For example, a rule for knee radiography would be
of questionable value if it proved to be 100% sensitive
for important fractures (which were normally never
missed) but had such a low specificity that use of
radiography would actually increase. Alternately, a
decision rule for the use of abdominal CT in blunt
trauma that led to increased use of CT might be valuable if subsequent laparotomy rates could be decreased.
3 . H A S T H E R U L E B E E N P R O S P E C T I V E LY
VA L I D AT E D A N D R E F I N E D ?

Unfortunately, many clinical decision rules are not
prospectively assessed to determine, in a new patient
population, their accuracy, reproducibility, acceptance
to clinicians, or potential effect on practice. This validation process is very important because many statistically derived rules or guidelines fail to perform well
when tested in a new population. 53-55 The reason for
this poor performance may be statistical—overfitting
or instability in the original derived model56 —or may
be related to differences in prevalence of disease or differences in how the decision rule is applied. 57,58 The
ideal characteristics of a validation study are described
below.
Prospective validation

The clinical decision rule should be applied prospectively
to a completely new patient population. Under ideal
circumstances this would be performed in a new clinical
setting by different clinicians from those involved in the
derivation study.
Selection of subjects

The patients should be chosen in an unbiased
fashion, preferably in a complete population-based
sample for that setting, for example, all patients seen
in a 12-month period in a particular ED. Patients who
are not included in this validation phase need to be
described so that their characteristics can be compared
with those subjects who are included in the validation study. Readers should be reassured that the
patients included represent a wide spectrum of
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ages and severity for the clinical condition under
question.
Application of the rule

Investigators conducting a validation study have an obligation to ensure that they fully understand how the decision rule is to be applied. If necessary, the investigator
should discuss the accurate application of the decision
rule with the original researcher and should be prepared
to accurately present the decision rule to the study physicians. This must involve a brief but adequate training session (eg, 15 minutes during a rounds presentation) and
training tools such as posters, pocket cards, and audiovisual aids.59-63 The emergency medicine literature includes
clear examples where decision rules have faired suboptimally in validation studies when the treating physicians
were not fully taught how to use the rule or were not in
fact aware that they were assessing decision rules.64-67
We believe that the purpose of validation studies is to rigorously assess the efficacy or accuracy of the rule itself. If
the rule proves to be accurate, then subsequent implementation studies can serve to assess the effectiveness of
the rule in “the real world.”
Outcomes

Ideally, all patients would be subjected to the gold or
criterion standard to determine their true outcome compared with that predicted by the decision rule. For example, all patients undergoing a prospective validation of
the Ottawa Ankle Rule underwent ankle radiography to
determine the presence of fracture.4 In many cases, however, the criterion standard is not normally applied to all
potential patients. In this instance, a suitable and reasonable proxy outcome may be substituted. For example, in
the case of the Ottawa Knee Rule, knee radiography was
not uniformly used for all knee injury patients in the study
hospitals. Consequently, the investigators incorporated a
proxy outcome for the 30% of patients who normally
would not undergo radiography.68 In this instance, the
proxy outcome included a structured telephone interview
consisting of 5 explicit telephone questions (relating to
pain, ability to walk, return to work, and need for medical
care) applied by a registered nurse. Patients who could not
satisfy all criteria were asked to return for radiographic
examination.
Accuracy of rule

As described above, accuracy is best presented by a
2×2 table with calculation of classification performance in
terms of sensitivity, specificity, negative predictive value,
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and positive predictive value, all with 95% CIs. The sample size of a validation study primarily depends on 2 factors. The first factor, as described above, is the width of
the CI around the target sensitivity. The second factor is
the need to have an adequate number of outcomes to
allow a satisfactory multivariate analysis in the refinement process.

test in question, the investigator is now in a good position
to estimate the potential effect of the decision rule. In
other words, the investigator can now calculate the potential savings that might be realized if the decision rule were
accurately and completely implemented into practice.
This determination is very important in predicting the
potential usefulness of the rule, as well as in determining
the need or rationale for an implementation study.

Reliability of rule

Rarely do investigators determine the interobserver
agreement between physicians for assessing the actual
rule itself. We believe that the reliability of interpretation
of the decision rule (0%) should be explicitly measured
in a validation study (eg, radiography indicated—
yes/no). 4,68 This is very important in that a rule that
cannot be reliably assessed may lead to the misclassification of some patients and potentially to the misdiagnosis of serious outcomes.

4 . H A S T H E R U L E B E E N S U C C E S S F U L LY
IMPLEMENTED INTO CLINICAL PRACTICE?

An important aspect of validation that is often overlooked is the ease with which clinicians can apply this
rule. The investigator should make efforts to determine
the interobserver agreement for interpreting the decision
rule between pairs of physicians. Furthermore, the investigator should determine the accuracy with which the
physicians interpret the decision rule, as well as their
comfort with its use (the latter may be determined by a
simple survey question).

Very few clinical decision rules have been implemented and shown to alter clinical practice in what
has been termed “the next painful step” for evaluating
decision aids. 69 A decision rule that has been shown to
be valid and reliable still faces significant barriers to
implementation in terms of both patient and physician
acceptance. 48,49,70 Emergency physicians are concerned about the medicolegal consequences of missing
a diagnosis. Patients must place their trust in a physician whom they have never met before and whom they
will not likely see again in follow-up. Hence, many
emergency physicians have the perception that their
patients will only be satisfied with some form of diagnostic investigation. 47 Consequently, widespread
acceptance of a clinical decision rule must be preceded
by an implementation study that clearly shows that
clinical behavior can be altered.

Refinement

Clinical trial

A validation study provides a unique opportunity for
the investigator to review the value of each of the component variables in the decision rule and possibly to improve
on the rule. Toward this end, the investigator might well
consider reevaluating several variables that proved to be
valuable but not essential in the original derivation study.
By reassessing the reproducibility and accuracy of a limited number of variables, it is quite possible that the study
may lead to a more accurate rule or a simplified rule. In
the case of the Ottawa Ankle Rules, the validation study
led to a more streamlined ankle rule without the requirement for the age criterion. Furthermore, the refinement
process led to a more accurate foot rule with slightly different criteria.4 Once refined, of course, the rule must
then be validated again in a new patient set.

Although the ideal implementation trial would be
a randomized controlled trial, such a study is often
not feasible when the intervention under study is a
cognitive guideline that is learned by the individual
physician. Several implementation trials have
adopted before-after comparisons that also incorporate concurrent control groups from other hospitals. 6,71 To enhance generalizability, an implementation trial should be conducted in as many different
types of settings as possible and involve as many
types of physician as possible. 8,72 The physicians
must be carefully trained to accurately interpret and
apply the decision rule and must have adequate
reminders and cues so that they learn to routinely
apply the rule. For example, we have used pocket
cards and posters as training tools, as well as
memos and follow-up by study nurses, to encourage
the accurate use of the Ottawa Ankle and Ottawa
Knee Rules.

Physicians’ interpretation

Potential effect

Having assessed the classification performance of the
decision rule as well as the baseline ordering rate for the
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Effect on use

The primary outcome measure of an implementation trial is generally the effect on use of the resource
in question (eg, ordering of radiography). Followup of patients is important to ensure that those
denied a procedure or test at the study hospital do
not go elsewhere to obtain the same test. Ideally,
physician practice would also be followed at a later
date to assess the long-term effect of the decision
rule. 73
Accuracy of the rule

Careful follow-up is important to ensure that there are
few missed diagnoses and that the sensitivity and specificity of the decision rule can be recalculated.
Acceptability

Physicians should be surveyed both formally as part of
the study and informally to determine their comfort with
applying the rule, as well as their impression regarding its
ease of use. Finally, the patients should be surveyed to
determine their attitudes to the process, and especially
their satisfaction with care that may not include a diagnostic test.
5. WOULD USE OF THE RULE BE
C O S T- E F F E C T I V E ?

If an implementation trial does, in fact, show that the
decision rule alters clinical behavior, then a formal economic evaluation conducted by a health economist might
be conducted.74,75 The objective of such a study would
be to clearly demonstrate the health care savings that
might be associated with widespread use of the decision
rule. Economic assessment is concerned with choosing
between alternative uses of resources. Resources are limited and choices must be made.
Three basic concepts are involved in any economic
evaluation, namely: the type of analysis that is performed,
the type of costs and benefits included, and the point of
view from which the analysis is taken. There are 3 types of
analysis: cost identification, cost-effectiveness, and costbenefit. The choice is determined by whether benefits are
included in the analysis and the manner in which benefits
are valued. Three types of costs and benefits can be considered—direct, indirect, and intangible. Several points
of view can be considered including those of the patient,
health care provider, health care payer, and society. An
economic analysis must include reasonable assumptions
regarding the accuracy and effectiveness of the rule, as
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well as of the costs involved. Sensitivity analyses allow
one to assess the robustness of the effect of the rule under
various conditions.
6 . H O W W I L L T H E R U L E B E D I S S E M I N AT E D
AND IMPLEMENTED?

For a clinical guideline to have widespread effect on
health care delivery, there must be an active plan for dissemination and implementation. We are well aware that
the simple passive diffusion of original study results
(through publication in medical journals or presentation
at scientific meetings) is unlikely to significantly alter
clinical practice in emergency medicine or in any other
discipline.76,77 Strategies to ensure the dissemination
and implementation of clinical research are currently the
subject of intensive health services research.78-80
Dissemination is a more active process that involves targeting modified information for a specific audience.81,82
Examples include secondary sources such as metaanalyses, reviews, practice guidelines, and consensus statements that are distributed by journal publication, the lay
press, targeted mailings, or a campaign of visiting speakers. Implementation is the most active process and uses
organizational and behavioral tools applied locally and
persistently to overcome barriers to the use of the new
information by practitioners.
Adoption of innovations (eg, decision rules) is affected
by a number of factors, including the attributes of the
innovation itself, the characteristics of the physician, the
practice setting, legal and financial issues, regulation, as
well as patient factors.83-85 The attributes of the innovation that facilitate adoption are relative advantage (new
practice is demonstrably superior to the old), compatibility (similar to prior experience or practice), complexity
(ease of incorporation into practice), “trialability” (practitioner can “try it out”), and “observability” (can observe
practice of other physicians).83,86
Previous research has shown that some interventional
strategies are much more effective than others in changing
physician behavior.83,84,87 Relatively weak approaches
are traditional lecture-based conferences and seminars
and unsolicited, mailed information. More effective is
audit and feedback, which is best when given concurrently rather than later, when directed at specific individuals, and when delivered by opinion leaders (respected
local clinicians). The strongest implementation strategies
are considered to be concurrent reminder systems
(posters, pocket cards, sheets, computer-embedded
prompts), academic detailing (face-to-face education in
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the physician’s setting), and the use of multiple interventions concurrently.79
How should the effect of dissemination or implementation be assessed? Generally, studies evaluate either the
process of care or patient outcome. 88 Examples of process
of care evaluations might include rates of cervical spine
radiography use, timely thrombolytic administration, or
appropriate hospital admission for pneumonia. Analogous
examples of important patient outcomes would be morbidity from missed cervical spine fractures, mortality
from myocardial infarction, or morbidity and mortality
from undertreated pneumonia. Ideally, investigators should
discuss appropriate strategies for dissemination and implementation once their clinical decision rule has been proved
to be valid and effective.
In summary, very few clinical decision rules have been
successfully derived, validated, and adopted into clinical
practice. This is because development of an effective decision
rule is a long, rigorous, and expensive process. Emergency
medicine has many clinical situations that would benefit
from a decision rule; this provides much research opportunity for our specialty. This article has outlined important
methodologic issues for both the critical reader and the
emergency medicine researcher to consider.

20. Borczuk P: Predictors of intracranial injury in patients with mild head trauma. Ann Emerg
Med 1995;25:731-736.
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